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Today --- Military Standards Demand {| 


Precise Control ---Tomorrow:-- Compe iti 


Will Dictate the Need for- 


TAG CELECTRAY 
INDICATING POTENTIOMETER 


Before the term ‘'electronic'’ 
had popular usage the prin- 
ciple was applied to this 
TAG instrument to step up 
responsiveness to tempera- 
ture and curb any sensitivity 
to vibration. The many ad- 
vantages inherent in the 
TAG CELECTRAY Indicat- 

ing Potentiometer are 
disclosed in Catalog 

No. /101-1. 
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Send for your copy 


From basic industry 
to the fighting front TAG 
Instrumentation is providing 
an unfailing check on a thou- 
sand processes and opera- 
tions. 


Pronounced as is this wartime 
need for vital knowledge and 
control—there will be, in the 
postwar period an equal urg- 
ency for precision in process- 
ing and production. 


Just as TAG meets the ex. | 


igencies of wartime industry, | 
so will TAG Instruments pro- | 
vide the answer for peacetime | 


problems on temperature, 


pressure, flow, level, moisture | 
and pH. The list at the left is | 


a handy check from which you 


can write for detailed infor- 


mation you may need, 
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VARD INC. has 
a modern optical de- 
partment, developed 
over a period of years 
To meet war produc 
tion demands we have 
expanded our facilities 
in personnel and equip 
ment. 

We design optical 
systems in their entire 
ty and test them opti 
cally to meet the most 
specific requirements 

Pilot Models can be 
produced, tested, and 
the results analyzed 
and final specifications 
established. 

Production in vol 
ume with complete 
equipment is available 
for turning out prisms, 
lenses, reticles, filters 
and mirrors 


Optical elements 





can be treated with 
VARD'S new, dura- 
ble, “Opticote” to 


reduce reflection and 





increase light trans- 


mission. 





VARD INC. 


Manufacturers of Precision Measuring Instruments, Gages, Aircraft Hydrau- 
PASADENA 8, CALIFORNIA 


«tics and Geared Parts, Navigation Instruments, Lenses and Optical Goods. 
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MOELLER 


PRECISION 
INSTRUMENTS 








INDUSTRIAL THERMOSTATS 
THERMOMETERS 

LABORATORY HYGROMETERS 
THERMOMETERS HYDROMETERS 
RECORDING 

THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the result of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 





Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion, Types with “Moeller Glass Red Reading Column" 
afford optimum ease in reading. 


Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of “Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handle-Top Thermometers for use in food processing, gal- 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments are calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 
Phenolite cases. 





Write for catalog 


MOELLER <> SINOR. 1067 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 
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j 
UST two years ago, in February 
=} 1941, a subscriber who at the time 
vas connected with a famous biological 
Maboratory in Massachusetts wrote me 
, not-for-publication letter making 
statements that mystified me and 

aroused my curiosity. Extracts: 
; “The instalments of your book ‘Tem- 
HT ‘perature Measurement and Control’ in 
the last four issues of 1940 were help- 
ful to me in my work but I take ex- 
t ception to your broad statement that 
‘No controller can be better than its 
primary measuring element.’ . .. My 
method of control enables a tempera- 
ture to be maintained within much 
narrower limits than the primary ele- 
ment is capable of detecting ... It 


G. Ojers would be difficult for me to prepare this 
S. Jackel for presentation in writing ... I have 
[oneycutt }q@endeavored to interest a number of per- 


sons but it just doesn’t seem to take... 
Please advise how I should proceed, 
with due regard to my interests.” 

Naturally, I wrote back that he 
should “tell the world about it; just 

~~ write it up any old way .. . I find it 
ispection [difficult to believe that what you’ve got 
boratory [Ris exactly what you claim... A con- 
troller cannot possibly maintain the 
controlled variable within smaller lim- 
pits than the value of the ultimate sen- 
sitivity of its primary element. . .” 
Extracts from his reply: “. . . This 
is the first encouragement that I have 
yet received concerning this method of 
im temperature control. I shall en- 
deavor to write it up and forward it to 
you at the first opportunity. ... You 
state [see above]. Very well, using this 
method, we can then regulate to 1/10 
or 1/100 of the primary-element ulti- 
mate sensitivity. I have an obstinate 
streak ... Of course I may be ‘all wet’ 
but I am willing to take a chance... 
overwhelming confidence in the favor- 
able result.” 

I filed this correspondence under 
“Future Articles” but I couldn’t forget 
it because of the possibility that not 
only myself but all others who have 
written on the theory of automatic con- 
trol had missed something. It is against 
our policy to beg would-be authors to 
hurry up with their contributions (we 
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1879. 
in fore [e@lways have enough manuscripts for 
UL not, be the next several months) but I was 

tempted to make an exception and beg 
ber ihe oa “i8 correspondent “for Heaven’s sake 
subscriber BSeNd in that description of your revo- 
5 dial lutionary method. Don’t keep the world 
newsls Waiting for your amazing disclosure.” 
urn ished A few weeks ago I met this corre- 





i Spondent at a meeting. He is not yet 
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An Automatic-control “Mystery”? 


ready to “tell the world” and that is 
why I may not divulge his name. 
Nevertheless, he has kindly permitted 
me to mention the following facts: 

1. A typical application is a bath 
where germ cultures, etc., must be held 
at constant temperature. 

2. The controller is a laboratory 
thermoregulator with a mercury capil- 
lary and platinum contacts, guaran- 
teed to have a differential of less than 
0.1° but found by my friend to have a 
differential or dead zone of only 0.06°. 

3. The primary element of this ther- 
moregulator is placed close to the con- 
trolled water inlet; the final element 
of this thermoregulator is placed close 
to the bath wall. Therefore the thermo- 
regulator has a negligible dead time 
and there is a negligible application 
lag. (Important for the reason ex- 
pressed in my slogan “Dead times mean 
dead zones.’’) 

4. The bath temperature is main- 
tained within better than the 0.06° dif- 
ferential: it is actually maintained to 
+0.003°. 

There you are, readers! 

The first explanation that came to 
my mind was that the high-precision 
thermometer with which the amazing 
constancy of the bath temperature was 
determined was located at the other 
end of the bath, where the temperature 
waves (resulting from the off-and-on 
mode of control) would be attenuated. 
My friend told me triumphantly that 
it was not so: the bath was stirred. 

Just as we were saying good-bye, I 
asked him “What kind of a precision 
thermometer do you use to measure 
the bath temperature?” He replied that 
it was a Beckmann type of good make. 

Only after I had left him did an- 
other possible explanation occur to me: 
that there are temperature fluctuations 
equal to or greater than the controller 
differential, but that these waves are 
of such relatively short duration that 
they are attenuated—not only through 
the thin wall of the Beckmann bulb, 
but (and here is my contention) by 
reason of the relatively enormous mass 
of the mercury in the Beckmann bulb. 

So now I publicly ask my friend 
(and others who have similar ideas) 
to substitute for the Beckmann a bare 
thermocouple or fine-wire resistance 
element of extremely low thermal mass, 
hooked up to an amplifier and rapid 
recorder. I think this will disclose that 
the fluctuations are really greater than 


the controller’s dead zone .. . And yet 
. .. And yet, my friend impressed me 








and sin- 


so much with his confidence 
cerity that he may indeed “have some- 
thing” to startle us old-timers who de- 
signed and built our first instruments 
forty years ago. 

There’s still another explanation, but it’s 
a matter of process design rather than of 
instrumentation, so I'll only mention it 
briefly and in small type. I refer to “make- 
up tank” or “anticipatory sampling’ or 
“capacitance” arrangements, A crude illus- 
tration is this: suppose you have a faulty 
shower-bath regulator that causes _ the 
shower to change rapidly from 80°F. to 
100°F. (by “rapidly” I mean the time for 
one quart to flow) and that you want an 
even-temperature shower. On the shower 
head you hang an eight-quart can. Around 
this two-gallon can, catching its overflow, 
you hang a ten-gallon bucket with a per- 
forated bottom. If you’re exceptionally tall 
you'll have to stoop, but the final-tempera- 
ture variation will seldom exceed half a de- 
gree. (Math sharks: start with a square 
wave and apply those two capacitances, Or 
do it graphically.) As to “anticipatory” ar- 
rangements, they are well-known in air- 
conditioning practice, one idea taking the 
form of a small box on the wall of a large 
room, said box containing a tiny heating 
element and a thermostat interlocked with 
the room thermostat which commands the 
room-heat supply. I think that such PROc- 
ESS-DESIGN ideas do not disprove the truth 
of my slogan. What do You think? MF'B 


Cover: Fermentation 

OR perhaps the first time, the orchid 

of an Instruments cover photo and 
write-up is bestowed on a fermentation 
process. . . . The importance of indus- 
trial fermentation plants is growing 
with an acceleration comparable to that 
of the processes themselves as “stepped 
up” by the use of new organisms, new 
control techniques, etc. Believe it or 
not, biochemists now distinguish be- 
tween male and female yeasts! It 
won’t be long before Jack’s bean-stalk 
is outdone—in a volumetric way if 
not vertically! 

Instrumentation plays a part in these 
modern processes and is utilized by 
Chas. Ffizer & Co., Inc., whose prod- 
ucts include citric acid, gluconic acid, 
fumaric acid and oxalic acid, and whose 
Information Manager, W. H. Staebner, 
sent us the photograph and wrote: 

“On the front of each vertical evapo- 
rator is a two-pen recording thermome- 
ter made by C. J. Tagliabue Mfg. Co. 
One pen records the batch temperature, 
the other the temperature of the used 
condensing water, enabling a close econ- 
omy in the use of water. 

“At the top of each vertical evapo- 
rator are two Ashcroft gages, one for 
pressure and one for vacuum. 

“On the vertical tank at the right of 
the picture is shown an explosion-proof 
switch made by the Allen Bradley Co.” 
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NE of the first applications of 
() the electronic tube, outside of 

communications work, has been 
its use as a relay. The remarkable prop- 
erty of a triode of controlling relative- 
ly large amounts of power in the plate 
circuit, with the expenditure of an ex- 
tremely small amount of power in the 
grid circuit, was soon applied to many 
uses. However, the amount of power 
which can be handled in the plate cir- 
cuit of the smaller vacuum tubes is 
generally so small that mechanical re- 
lays of the usual kind were still re- 
quired. With the development of the 
grid-controlled gas-filled rectifier tube 
—the Thyratron—the situation was 
somewhat changed. In these tubes, the 
plate current is greater than that in 
the high-vacuum tube. Even the small- 
est tubes will pass currents of around 
0.1 amp. and moderate-size tubes, which 
will pass currents of one to ten am- 
peres, are readily available. A further 
advantage of this type of tube lies in 
the fact that the tube has a more near- 
ly true “trigger” action. That is, as 
the grid potential changes, up to a 
certain value, nothing happens, and 
then a small change, generally a frac- 
tion of a volt, will cause the maximum 
plate current to flow. This snap action 
is generally a desirable characteristic 
in most relay operations. This trigger 
feature, however, brings in other com- 
plications such as the fact that gen- 
erally the tube must be extinguished 
by some extraneous means. These fea- 
tures have been discussed in many 
articles and papers dealing with the 
applications of these tubes. There are 
in daily use a large number of devices 
which make use of these tubes in a 
wide variety of applications. The ma- 
jority of the arrangements have had 
to be especially designed and engineered 
for the specific application in mind. 

To avoid the necessity for such spe- 
cial designing and engineering is the 
chief object of the new method here 
described. This method is based on the 
use of a multi-purpose unit serving as 
an intermediate link between the actu- 
ating device and the output without 
any alteration. 

In addition to taking advantage of 
the usual properties of the grid-con- 
trolled rectifier tube, a further unique 
feature of this method lies in the fact 
that the operating output circuit cur- 
rent does not pass directly through the 
grid-controlled rectifier tube. Instead, 
a special transformer is used. In this 
transformer the impedance of the coil 
which is to carry the output current 
is altered greatly by the degree of sat- 
uration of the iron core. This degree 
of saturation can be controlled neatly 
by means of a much smaller current 
flowing through a large number of 
turns wound around the same core. 
As a fluctuating direct current flows 
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A New Electronic Relay Method 


By JOSEPH RAZEK, Consulting Physicist, C. F. Burgess Laboratories, Inc., Elgin, Ill. 


through the coil of a large number of 
turns, the magnetic core is saturated, 
thereby reducing the impedance of the 
other winding and allowing the output 
current to flow through this winding. 
The advantages resulting from the 
use of the special transformer are that 
a smaller grid-controlled rectifier tube 
can be used to control a relatively large 
amount of power (since the output cur- 
rent never needs to pass through the 
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rectifier tube directly) and that the rent (or, at the most, a negligibly low & rigid | 
output circuit gives a better a-c. wave. current) flowing through the output ® ly ac 
This would not be the case if the out- circuit Le. found 
put current passed through the recti- If now the actuator contacts are one w 
fier tube. In the latter case, the best opened, the action will immediately re & by a 1 
which could be obtained would be to verse since tube V; will now have 4 §& ten-th 
have a pulsating direct current. Al- negative potential applied to its grid — outpu 
though such a current can be made to causing the tube V; to become extin when 
operate most alternating-current de- guished.* The plate current of this tube J 0.0001 
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some difficulty. of transformer Tz and the impedance & energ 
The wiring diagram is shown in Fig. of the winding in series with the outpu ’ de-ens 
1. Transformer 7; supplies the fila- circuit L; will be greatly increased, ' F Oper: 


ments of grid-controlled rectifier tubes 
V; and V2. The tube grids are so con- 
nected that when one tube fires, the 
other tube is extinguished. (This re- 
sults in a sharp off-and-on action in 
certain applications discussed later.) 
When the actuator contacts are 
closed, ground potential is impressed 
upon the grid of tube V; which causes 
the plate current to flow through the in- 
put winding of transformer Tz. The 
core of this transformer T2 becomes 
saturated, reducing the impedance of 
the output winding which is in series 


ducing the current in the output circul! 


to a low value. Immediately, the gr 
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the plate is negative with respect t! cann 
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regardless of what the rotential condition as 
of the grid may be and hence no attentio j 
need be paid to this part of the cycle use 
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ave a higgg current flowing in the energized output 
in no cy civeuit 1s determined only by the re- 

T3 
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(The 
maximum output capacity in a typical 


'commercial unit is forty volt-amperes. 

| This capacity is sufficient for operating 

| a moderate-size reversing motor, heat- 
ing coils, lights, etc.) 


OPERATING CHARACTERISTICS 

The original application for which 
this method was devised was of the 
type in which the operation was ob- 
tained by closing and opening a pair of 
contacts connected to the actuator. A 
unit was arranged in which the two 
contacts could be brought into contact 


| very gradually through a measured dis- 


gibly low 
e output 


acts are 
lately re- 

have a 
its grid 
ne extin- 
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it circuit 
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s terposing a 


tance. One contact was mounted on a 
rigid base and the other on an extreme- 
ly accurate micrometer screw. It was 
found that a sharp break in the circuit, 
one way or the other, could be obtained 


by a motion of the contacts of only one 


| ten-thousandth of an inch. That is, the 


output circuit Lo would be energized 


| when the contacts were open by only 
0.0001”, 
| 9.0001" to close them would result in 
; energizing the output circuit L,, and 
de-energizing the output circuit Le. 


Then moving the contacts 


Operation is in no wise affected by in- 
resistance up to about 
30,000 ohms in series with these con- 
tacts. Owing to the fact that this cir- 


> cuit will operate in spite of the large 
| resistance in series with the contacts, 
" the effect of a thin oxide coating on the 
| contacts becomes a matter of relatively 


littl consequence. The materials used 


) for the contacts should be such that a 


elatively thick non-conducting film 
cannot be formed over a period of 
ime. It is likely that materials such 
as stainless steel would be especially 
useful for this service. 



























Fig. 2. ‘‘Gaging sensitivity’’ test. 

To further study the close operating 
range of an embodiment of the method, 
the mechanical follow-up unit shown in 
Fig. 2 was built. This consists of two 
micrometer calipers so mounted that 
the rotation of the barrel will result 
in a horizontal motion of the yokes. 
The contacts are mounted on the ends 
of the yokes. One of the micrometer 
calipers is arranged to be turned by 
means of the handwheel; the other 
micrometer barrel is driven by a re- 
versing motor through a gear. The re- 
versing motor is connected to the out- 
put circuits (see Fig. 1) while the con- 
tacts are connected to the ends of the 
yokes. When the contacts are separated, 
the direction of rotation of the motor 
is such as to cause the contacts to ap- 
proach each other. Immediately as con- 
tact is made, the motor is reversed and 
the contacts tend to separate. 


CONTROL CIRCUITS 
| SOMMON 2 


rig. 3. Modification of Fig. 2 arrangement into temperature-response test. 


When this follow-up arrangement is 
in operation, one can observe that 
there is no true “off” position. When the 
contacts are open, one circuit is ener- 
gized and when the contacts are closed, 
the other circuit is energized. Conse- 
quently, in actual operation, the two 
circuits are alternately energized and 
de-energized at a rapid rate. 

This “hunting” is so small that it is 
not objectionable; it is actually advan- 
tageous in that the restoring circuit is 
continually in a dynamic state. This is 
neatly demonstrated in the Fig. 2 fol- 
low-up mechanism. The motor hunts 
back and forth so rapidly that the con 
tacts actually oscillate with an ampli- 
tude of about one or two ten-thou- 
sandths of an inch. If the manually 
movable contact is moved back a cer- 
tain distance, the motor-operated con- 
tact will at once follow it the same dis- 


tance and will practically come to “rest” 
within about 0.0002”; that is, it will 
oscillate about its final position with an 
amplitude of about 0.0001”. The amount 
of this hunting is partly determined by 
the inertia of the rotating parts of the 
motor. Consequently, for applications in 
which hunting is to be kept down to a 
minimum, it is desirable that the motor 
armature be as light as possible and 
that the gear ratio between the arma- 
ture and the moving element carrying 
the contact be as great as possible con- 
sistent with the required operating 
speed. In the experimental arrangement 
shown in Fig. 2, the gearing was such 
that the nominal operating speed of the 
contacts was about one inch per min- 
ute. It is, of course, necessary that the 
motor used in such an application be so 
designed that it can operate with full 
load current passing through the moto1 

Concluded on page 162 
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By H. T. RIGHTS, Meter Engineer, Westinghouse Electric & Mfg. Co., Newark, N. J. 


NTIL recently, pitch diameter 
| was considered more important 

than lead, and there were few 
lead checking instruments available. 

The increase in airplane production, 
in which threaded parts of close toler- 
ance are used, emphasized the impor- 
tance of lead. The extensive use of 
thread plug gages required new instru- 
ments to check such gages accurately. 
As far as we know, there have been no 
other similar instruments using electri- 
cal methods of amplification. 

To solve the problem of precise 
lead measurement, the Sheffield Corp., 
in cooperation with the instrument 
engineers of the Westinghouse Electric 
& Mfg. Co., have developed an electrical 
lead-measuring method. This method 
has been embodied in an instrument of 
the comparator type, shown in Fig. 1, 
which can be read directly to within 





Fig. 1. Details of lead-measuring instrument. 
(1) Indicator zero-adjusting wheel 

(2) Micrometer dial 

(3) Indicator instrument 

(5) Micrometer screw 

(8) Measuring standard 

(10) Vertical slide handwheel 

(12) Red safety light 

(13) Gage ball point 

(14) Base slide handwheel 

(15) Electrigage unit 

(16) Gage ball point shank 

(17) Eccentric lever 

(18) Gaging unit 

(19) Cross slide 

(21) Anti-friction ball slide 

(22) Bed of instrument 

(23) Tailstock center 

(24) Tailstock 
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New Electromagnetic Method of Measuring Screw} 
thread Leads to a Few Millionths of an Inch_ }" 
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GAGING AHEAD 


Fig. 2. Functional diagram of 
electrical thread-lead gage. 
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0.00001” and the readings can be esti- 
mated to within 0.000001”. The method 
being electrical rather than mechanical, 
the gaging point functions with a pres- 
sure of only three ounces; it has no time 
lag and is rapid in operation. Anyone 
experienced in checking thread lead can 
set up the instrument quickly and oper- 
ate it successfully. 














































23 reads directly, with 4%” on its scaly 


thread 

= microm 

The gaging point is placed in contac€#nal din 
with the work being tested, the scal@Mfjead. 17 
pointer of the electrical instrument themfinto the 
indicating near zero. An adjustment omffthe ind: 
the instrument brings about an excl microm 
zero setting. indicate 
The heart of the screw-lead gage is 
the “Electrigage” unit (15). This pro 
vides magnification of small displace. 




















Fig. 3. Detail of Electrigage dial. 





ments of the gaging point by electro- 
magnetic means. 

Inasmuch as the gage is of the com 
parator type, reference is made to pre 
cision standards of length such as Fort 
Johansson or Pratt & Whitney gag 
blocks (8) and the overall accuracj 
depends upon such gage blocks. Th§ 
screw-barrel type super-micrometer (2 

























EDITOR’S NOTE—It is more than nine 











teen years since the appearance of R 
“ultramicrometers” using  high-fre NX 
quency radio circuits with vacuum: 


tube amplifiers. It is interesting to not‘ 
the use of commercial frequencies 
and the absence of electronic devices 
in some of the new methods.—MFB 
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0001”. The function of the readings is made by reference to suit- 













































re W- Elk age unit is to “micrometer” able standards such as (8). 
Behe visions so as to read directly to The complete equipment is intended 
Bo.0 on the instrument dial. to measure screws ranging from 4 to 
) gg Hlectrigage operates on the 32 threads per inch. Threads may be 
B prit of a balanced magnetic reluc- tapered or straight, and 12” sections 
Btan ridge in which any motion of may be gaged at a single setting. The 
the ature upsets the balance. The 
armature is attached to the gaging Fig. 4. Application to six-inch thread 
noi 6) which follows the work sur- 
fac thread being measured. Fine 
wir s wound on branch portions of 
] the magnetic circuit feed the voltages, 
- which are produced by the displace- 
~\ ment of the armature, into a special 
circuit, Fig. 2, which is particularly 
/, designed to make indications in linear 








I* C proportion to the displacements of the 
®.rmature. This circuit operates on 60- 
® vcle 120-volt a.c., with a power con- 
sumption of approximately 15 watts. 
In practice, the work is set up so 
that gaging point (13) engages the 
work on the pitch line in a plane coin- 
cident with the centers (23). The Elec- 
trigage is adjusted to the right or left 
until indicator (3) reads zero. The 
gaging point is then backed away from 
the work and moved along to the next 
thread to be measured, by moving the 
micrometer dial (2) equal to the nomi- 
In contac##nal dimension of the thread pitch or 
the scal@Miead. The gaging point is reinserted centers will take work up to 30” in The usual model has an amplification 
iment theiinto the work and the reading noted on length. Longer lengths can be accom- of 2500, but other amplifications rang- 
stment onthe indicator. The correct reading is the modated with vee blocks. Work up to ing from 250 to 10,000 are also obtain- 
an €Xacij micrometer reading plus or minus the 6” in diameter can be measured easily. able by means of minor changes in the 
indicator reading. Assurance of correct See Fig. 4. instruments. 
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engineers in making studies of possible 
changes without the necessity of hold- 
ing an airplane out of service during 
such tests. 







New Course at Brown 
Instrument Co. School 


NEW industrial instrument main- 

tenance and repair course has 
been started by the Training School 
Division of The Brown Instrument Co., 
Philadelphia, Pa. Changes have been 
made in the general outline of the 
course, especially that having to do 
with instructions in the two types of 
potentiometers, mechanical and elec- 
tronic. The two types are treated as 
separate subjects to make it easier for 
students to absorb the basic principles 
of each, and to meet the requirements 
of customers who send students for the 
specific purpose of receiving continuous- 
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ey gage balance instrument instruction. 
accuraci The new classes will extend to April 
‘ks, The 26. Schedule: Millivoltmeter type py 
eter (2 rometers, February 1 to 18; mechanical 







its scale a ; potentiometers, February 21 to March 
8; continuous-balance (electronic) po 
tentiometers, March 9 to 16; electri 










see cally-operated automatic controllers, 
“eri oad; f United’s central maintenance base March 17 to 23; flowmeters, March 24 
h-fre- } * oO ’ ’ 
cuum- |i \adio Rack Mock u at Cheyenne, Wyo. The mock-up car- to April 3; thermometers, pressure 
o note i ey novel mock-up of a radio rack ries all radio equipment installed on a gages and hygrometers, April 4 to 11; 
oe E . of the same type as used in United Mainliner and is so wired that sending air-operated automatic controllers, 
ure ~eAir Lines Mainliners is employed for and receiving sets can be operated as April 12 to 20; resistance thermome- 






» est purposes in the radio electric shop in flight. The mock-up is used by radio ters and tachometers, April 21 to 26. 
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Ordnance Production Gaging 


By Major R. A. BOWMAN, In Charge Gage Laboratory, Pittsburgh Ordnance District, U. S. Army 


CHAPTER X 


ACCURACY OF GAGE INSPECTION 


ONSISTENT accuracy in inspections is the most im- 
( portant single responsibility of a gage laboratory. In 
a laboratory employing a large percentage of special- 
ized personnel who are not necessarily familiar with all 
phases of manufacture and inspection, and consequently are 
not familiar with the errors which may arise in the manu- 
facture of gages or the consequences of these discrepancies, 
the problem of accuracy is greatly increased. 
The four most usual reasons for inaccuracies in inspection 
are: 
1. Inaccurate Standards 
2. Burrs and Scratches 
3. Dust and Dirt 
4. Temperature 


These factors should be investigated first when doubt 
arises as to the accuracy of an inspection. The first (inac- 
curate standards) is a responsibility of management and 
may be solved by proper surveillance of equipment. The 
other three are a responsibility of the worker and must be 
eliminated through proper training of personnel. 

Standards. A standard is defined as “Of a high or rec- 
ognized order of excellence.’”’ The standards in the gage 
laboratory are accepted without question by the personnel 
who use them, and so those standards must be unquestion- 
ably accurate. 

In the gage laboratory, the most usual errors due to 
improper standards arise because of wear in gage blocks, 
wires, rolls, ete., and when it is realized that a gage block 
will wear approximately one millionth every thirty times 
it is wrung, it will be seen that some adequate means of 
surveillance of gage laboratory equipment is required. 

In any plant, the measurement control should stem from 
one source such as one set of gage blocks. This standard of 
measurement must be transmitted to the final product. In 
some plants, the gages alone will be the standard; in other 
plants, one set of gage blocks will be used to set all the 
gages. In a large organization having a gage laboratory 
of several people, it may be necessary to have several sets 
of blocks in which case one should be used merely to check 
for discrepancies in all the other sets. Ultimately, all stand- 
ards for measurement in the United States stem to the 
National Bureau of Standards where measurement is made 
with light rays. 

A definite system should be set up so that all gage blocks, 
wires, rolls, etc. are inspected periodically for size in order 
to maintain measurement standards. 

Burrs and scratches. When metal is scratched, the metal 
which had previously been in the depression does not, of 
course, vanish. It is heaved up along the sides leaving, in 
effect, a valley with a mountain on each side. Naturally, the 
remaining surface is not a plane and other surfaces placed 
upon it will probably be scratched and in addition will rest 
on the top of the burr rather than the plane where they 
were originally intended to rest. A scratch in laboratory 
equipment may conceivably raise a burr several thousandths 
in height. When a surface is scratched, it should never be 
re-used for measurement purposes until the resulting burr 
has been stoned off. Surface plates, vee blocks, angle plates, 
parallels, and the like are most susceptible. 

Dust and dirt. Whenever any surface is oiled or greased, 
it will collect dirt. Particles of dirt are normally measure- 
able, and therefore, a piece of dirt between a surface plate 
and a surface gage may scratch both if it is hard enough 
and will certainly affect a reading taken with the surface 
gage. Equipment should always be wiped clean before it is 
used. Dirt always collects on flush pin gages, indicators, and 
wherever oil is used. 
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Temperature. Examination of the formula for tempera. 
ture coefficient of expansion will show that the expansion jg 
a function of temperature differential, length, d the 
physical properties of the material. It is also obvi fron 


the formula that, if length and temperature are the same. 





———e 


This unique serial is based on the remarkably suc- 
cessful course of lectures by Major Bowman (then 
Lieutenant) to us Reserve Officers, in which he com- 
bined the fruits of his civilian experience as Gage 
Supervisor and of his Ordnance training. —MFB 


CHAPTERS PREVIOUSLY PUBLISHED. I. Inter- 
changeability—Sept. '41 and May '42:; II. Inside Dimen- 
sion Gagine—Julyv °'42; III. Ovtside Dimension Gaging 
Aug. ’42; IV. Offset Dimension Gaging—Seont. ’42: V. Posi- 
tion and Alignment Gaging—Oct. °42; VII. Profile Deter- 
minations—Dec. '42; VIII. Thread Gaging—Feb., °43: Vv] 
Taper and Angle Determinations—Mar. °43; IX. Gags 
Laboratory Equipment—first instalment April '43, second 
instalment June ‘43, third instalment Nov, ’43. 

















the difference in length of two units due to a change in the 
temperature is entirely dependent upon their difference j; 


coefficient of expansion. The coefficient of expansion of al] 


iron and steel does not vary over four tenths of one millionth 
from 0.0000067 to 0.0000071 and consequently, in any inspec- 
tion setup, if a steel gage is being checked with steel gag 
blocks and both are at the same temperature, they ar 
obviously the same length, their difference in length will be 
less than 0.0000004 times their deviation in temperature 
from 68°F. 

If, then, the gages, measuring equipment, and standards 
are all brought to the same temperature, the error due t 
temperature will be negligible for most work. A dividing 





Re: Gage Blocks Wear Through Wringing 

... In Chapter IX of “Ordnance Production G»ging” 
by Cavt. Bowman, under “Srecial Care of Gage Blocks” 
(April 1943 Instruments, page 195) we note the state- 
menc: “imxperience has shown that 240 wringings result 
in a wear of eight millionths of an inch.” 

We are not questioning this statement but just want 
to pass along the information that the writer had a com- 
munication from one of the men in our Production Gage 
Department stating that two Johansson Gage Blocks have 
been wrung together over a thousand times and that they 
were unable to determine any wear. 

Oo. E. GREEN 
Johansson Div., Ford Motor Co 











line between cases where temperature differential is negli 
gible and cases where it is not negligible is sometimes set 
as follows: When it is desired to measure more accuratel} 
than 0.0001 regardless of size or 0.0005 per inch of length 
the inspection is made at standard temperature, 68°F. 

Inaccuracies due to temperature are most usually found 
where thin sections of metal are involved; i.e., thread check- 
ing wires, rolls, “thin” gage blocks, etc. where, due to th 
physical shape, body temperatures may be picked up rapidly 
If the shape is such that body temperatures will be picked 
up rapidly, they will, of course, be dissipated just as rapidl) 
so that, ordinarily, if the hands are used to place the wires 
in the threads in a supermicrometer, a few minutes wil! su! 
fice to allow the wires and plug to come to the same temper! 
ature. If possible, a large flat surface of steel such as a Sur 
face plate should be close to each inspector, and when w! 
rolls, gage blocks, etc., are handled, they may be pace 
upon the iron into which they will dissipate heat abov' 
room temperature quite rapidly. If these procedures a! 
followed conscientiously, little difficulty should be expe’ 
enced due to temperature. 
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pmakes the wires swing, straining the 
Nsupports and insulators. Excessive sag 
Hallows metallic circuits to become short- 
Hed by the wires swinging together at 
transposition points. For any expected 
temperature range, tables are available 
giving the proper amount of sag which 
the wire in a span of any given length 
should have. 

A simple instrument has been devised 
with which a lineman may measure sag 
so that the required slack in the line 
can be introduced when the line is con- 
structed. The body of the instrument is 
a hardwood strip (Fig. 1) on the ends 
of which are fastened two brass strips 
with v-notched bottoms. To measure 
sag, the instrument is placed near one 
of the span supports so that the tele- 
phone wire fits into the notches of these 
brass strips. The sliding section S is 
moved until the arrow point touches the 
‘division on the horizontal scale A cor- 
responding to the length of the span in 
feet. The observer then looks through 
the pinhole O and through the vertical 
sslit SS, sighting on the insulator on the 
opposite pole. The sag in inches is read 
pfrom the vertical scale B at the point 
phere that insulator appears in the 
pslit. The upright scale is hinged so that 
aM may be lowered when not in use. 

» The theory of the instrument is as 
follows: A telephone wire hangs so 
Mthat it forms a curve whose equation 
as (approximately) the parabola 

4 y ax? (1) 
3 there y is the sag and x is one-half 
he length of the span. Taking the first 
peri ative of y with respect to x gives 


i 

§ dy/dx = 2ax (2) 
Pe liminating the constant a between 
peat ons (1) and (2) gives 

4 y = (x/2) (dy/dzx) (3) 


he instrument measures dy/dx and, 





100’) then 
dy 


when 2x - 
(5) 


so if y is to be in inches then dy should 
be in fiftieths of an inch (each 
representing 1” of sag in the wire). 
The number 200 (representing a span 
length of 200’) is placed 1’ from the 
zero end of the horizontal scale; the 
rest of the span-length scale is then 
divided into any desired linear inter- 
vals of span length such as 10’ or 25’. 
It will be noticed that each foot of span 
is equal to %40” on this scale, hence is 
3 times the length of the unit repre- 
senting 1” of sag on the vertical scale. 
Different units may be used for dif- 
ferent sizes of the instrument, but if 
the sag is to be measured in inches and 
the span in feet, the horizontal and 
vertical units must always bear the 
ratio of. 3 to 1. 

A telephone wire actually hangs so 
that its curve is a catenary, the equa- 
tion of which is the hyperbolic cosine 
y = c cosh (x/c). A chain or cable load- 
ed uniformly per unit length will form 
a catenary but if loaded uniformly per 
unit horizontal distance will form a 
parabola. Since the two curves are al- 
most identical when the sag is small 
and are similar even when the sag is 
fairly large, a negligible error is made 
in assuming that a telephone wire 
hangs in a parabolic curve. 

An accurate reading cannot be ob- 
tained if the tension in the wire is not 
great enough to straighten out kinks 
and bends in that part of the wire on 
and near which the instrument is rest- 
ing. However, if the lineman sights 
along the wire, he can detect those 
bends near the point of support and 
straighten them out before taking a 
measurement. There also will be a 
small error in measurements made on 
steep slopes if the sag is more than 
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A Simple “Pocket” Instrument for Measuring 
Sag in Telephone Lines 


By GEORGE M. BYRAM, Assoc. Meteorologist, Appalachian Forest Experiment Station, Asheville, N. C. 


2% of the span length. The error is 
small if the measurement is made from 
the higher pole to the lower pole, but 
if the direction is reversed the error 
of measurement may be as great as 
15% on a 100% slope. For instance, if 
the actual sag is 14”, the instrument 
may show 16” of sag if the measure- 
ment is made from the lower pole. This 
error, however, decreases rapidly for 
less steep slopes and with smaller sag- 
span ratios. The instrument cannot be 
used satisfactorily to measure sag in 
wires near the ends of long cross-arms, 
too distant from the pole to permit 
easy sighting with the device. 


“Ship-mast” Type Testing 
Machine 


T is well-known that instruments for 

the Armed Forces are tested under 
extreme conditions such as high or low 
temperatures, low 
barometric pres- 
sures, salt spray, 
vibrations, etc. But 
here is what prob- 
ably is the first 
testing machine of 
its kind — a ma- 
chine for testing 
devices designed to 
operate at the top 
of a ship’s mast. It 
is a rocking tower 
which simulates 
pitch and roll of a 
ship, developed by 
J. G. Ritter, War 
Products Engineer 
at Westinghouse 
Electric & Mfg. 
Co., East Spring- 
field, Mass. Built 
to oscillate through 
an are of 45° from 
the vertical, or 90 
altogether, the tower is 50 feet high 
from the center of oscillation. Its coun- 
terweight contains 2 tons of steel, al- 
though the tower itself weighs only 
600 lbs. In appearance, it resembles a 
radio mast. A 35-horsepower motor, in 
connection with a Westinghouse-Nuttall 
oil well reduction gear unit, is used to 
rock the tower at periods of oscillation 
varying from four and one-half seconds 
to ten seconds. At the fastest rate, the 
velocity at the midpoint of the swing 
reaches 45 miles per hour. At this point, 
however, the acceleration is zero. It is 
the reversal at the end of each half- 
cycle which puts the greatest stress on 
the tower. The base which supports the 
whole thing is made of 12” I-beams, 
weighing 30 lbs. per foot. 
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CHAPTER X 
DEVELOPMENT OF THE ELECTRON-TUBE 
OSCILLATOR 


Having described the effect of the presence of gas in a 
thermionic tube, we will now return to the high-vacuum 
tube and continue our discussion of its properties. To pre- 
sent this discussion properly it is desirable and, incidentally, 
interesting to consider briefly a little more of the history 
of the electron tube. 

As has been explained, the electron tube had its birth 
and passed its childhood in the radio field—in the field of 
wireless telegraphy as it was known then. The term “radio” 
did not come into general use until around 1920; before 
that, people talked about “wireless.” 

In the early days of wireless communication—the period 
of the spark transmitter—the greatest need was a sensi- 
tive, reliable detector. The function of the detector was 
that of rectifying the extremely weak high-frequency alter- 
nating currents induced in the receiving antenna by the 
electromagnetic waves. 

A number of detectors had been developed. Marconi used 
a tiny glass tube of iron filings invented by Branly. This, 
the “coherer” as it was called, was not a rectifier but it 
served to detect the high-frequency currents in a different 
way. When connected in series with a few dry cells and 
an electric bell or buzzer, such a tube of iron (usually a 


— 


Fig. 67. The ‘‘coherer’’ which Mar- 
coni first used as a detector was not 
a rectifier as were most later type 
detectors. High-frequency currents 
from the antenna broke down the 
tube’s high initial resistance and 
closed the circuit through a bell or 
buzzer. Movement of the bell clap- 
per, however, immediately restored 
the tube’s high resistance. 


GLASS TUBE LOOSELY 
/F\LLED WITH IRON 
FILINGS 








| 
BATTERY 


mixture of iron and nickel) filings normally presents a 
high resistance to the flow of electricity and little or no 
current exists in the circuit. The instant high-frequency 
currents are passed through such a tube some change oc- 
curs, the tiny particles of iron come together (cohere), and 
the resistance of the tube is instantly lowered, permitting 
current from the battery to flow and thus operate the 
buzzer. Once the high resistance of the tube has been broken 
down in this way the condition remains even after the 
high-frequency current has ceased to flow but the initial 
high resistance can be restored by shaking or tapping the 
tube. It was the practice therefore to arrange the buzzer 
clapper so that it would strike the tube as shown in Fig. 
67. With this arrangement the coherer was always in a 
sensitive condition and the buzzer would continue to oper- 
ate as long as the high-frequency current persisted. 

The coherer of course has nothing to do with electron 
tubes but it forms part of the history of detectors and it 
is therefore of interest here. 

Other detectors used were purely rectifiers. A high-fre- 
quency train of waves such as that shown in Fig. 68 for 
example could not actuate a telephone receiver or an ordi- 
nary electromagnetic instrument, In the first place the fre- 
quency (over 100,000 cycles per sec.) was so high that no 
mechanically moving diaphragm could respond to it and, 
secondly, the impedance of ordinary coil windings such as 
those of telephone receivers is enormously high to such 
frequencies. 

(Impedance, Z= VR*+ X?, is a function of the fre- 
quency. In this expression X* represents the total reactance, 
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ELECTRON TUBES—Their Principles and 


Their Instrumentation Applications 


By ANDREW W. KRAMER, Managing Editor, Power Plant Engineering, Chicago, IN. 


that is, it is the combined inductive (27fL) and capacitiye 


( 27fC 
will be noted, contains the term f, frequency. Hence the 
impedance Z of any circuit is dependent upon the frequeney 
of the current.) : 

By introducing a half-wave rectifier into a high-fre. 
quency circuit, a high-frequency wave train such as that 
shown in Fig. 68 will have the negative portion suppressed, 
and a direct current such as shown in Fig. 69 will flow. 
This current will actuate a telephone receiver. 

Various types of rectifiers were used in the early wire. 





) reactance. Each of these latter expressions, } 


less receivers. Some of these were electrolytic cells, others | 


used the unilateral conductivity of certain natural crystals, 
silicon, galena, ete. 

John Ambrose Fleming in England was the first to use 
a thermionic tube for this purpose. His tube was a simple 
diode. While this diode, known as the Fleming valve, was 
not noticeably more sensitive than other forms of detectors 


then in use, it had the distinct advantage of being much J 
more stable in its operation and far less critical in its} 


adjustment. 
The next step was the introduction of a third element 
into the tube by DeForest as already explained. This was 
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Fig. 68. High-frequency wave-train in the antenna Circuit pro 
duced by early spark transmitters. 
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Fig. 69. Effect of rectifying high-frequency oscillation groups such 
as shown in Fig. 68. The frequency of the high-frequency pulses 
is, of course, too high for the diaphragm of a telephone receiver 
to follow. The diaphragm therefore follows the average effect, 
shown by the heavy line. 





a notable advance, for the three-element tube, as has been 
shown, is not only a rectifier but also an amplifier. It not 
only rectified the weak high-frequency currents induced in 
the receiving antenna but it also amplified them. Therefore 
the DeForest “Audion,” as it was called, was a much more 
sensitive detector than any theretofore developed. It was 
immediately adopted by many experimenters and its ad- 
vantages over the older detectors were numerous. A typical 
circuit is shown in Fig. 70. The incoming signal currents 


induced in the antenna are transferred to the receiver cil & 


cuit by a coupling transformer 7 which is associated with 


a resonant circuit L C by means of which the circuit }3 
“tuned” to the frequency of the incoming signals. The 


rectification and amplification takes place in the manne! 
described in earlier chapters. 

It is not our purpose to enter into a detailed study 
radio, but these matters lead up to the next fundaments 
property of the electron tube and they are of more tha 
mere historical interest. 

About 1912 we find a number of investigators using the 
DeForest Audion. As a detector it was a marvel but 


sionally the circuits in which it was used had a tenden¢j ; 
to “howl” or whistle. These squeals and whistles were Fy 







































































ing 
amate 
Mass: 
stal 

parti 
youns 
of th 
intens 
or ho 
ther 
then ° 
chang 
famili 
mark: 


< 





<> 


) 


ee ee 


circui 
weeks 
circui 


F annou 


years 


out tl 


Nov 
electr 
its in) 
tion 0 
how 1 
deed, 
Arms 
and ¢ 


» stron; 


it wa: 


B appea 
F 71, he 
: ois ag -caj fn alter 

voltage developed across this resonant circuit is impress — 
across the grid cathode elements of the tube and combine B ven 
aa 10" 
® Voltas 
: Be circui 


two ¢ 


i the o 
® fed b: 
® lation 
® plate 


batte) 









capacitive 
eSS lons, it 


Hence the 
frequency 


high-fre. 
*h as that 


7? 


uppressed, fi 
will flow, fi 


lls, others 
1 crystals, 


rst to use 
3 a simple 
valve, was 
detectors 
‘ing much 
cal in its 


d element 
This was 


uit pro 


——$—< << 


ps such 
Pulses 
receiver 
effect, 


has been 
ar. It not 
1duced in 
Therefore 
uch more 
1. It was 
d its ad- 
A typical 
currents 
eiver cir: 
ated with 
circuit 18 
vals. The 
mpressed 
combined 


1 manner 
ction Bee all 
study Us 


damenta 
ore than 


put occa 


: 


) 


; Be 
hu 








with annoyance at the time, even by DeForest 
¢ but they were important and subsequently these 

were introduced in famous court proceedings re- 
» patent rights involving millions of dollars, Among 
nvestigators was a young student at Columbia Uni- 


sql 
ga! 


pes » by the name of Armstrong doing post-graduate 
work in radio. One afternoon, so the story is told, he had 
a receiving circuit set up in the laboratory and was listen- 
ing to the familiar signals known to every radio man, 
amateur or commercial, of station WCC at South Wellfleet, 


Massachusetts. These signals were noted for their con- 
stancy and their unmistakable characteristic ring. On this 
articular afternoon they were steady as usual but as 
young Armstrong made some changes in the adjustment 
of the circuit, the signals suddenly began to increase in 
intensity to a degree far beyond anything he had ever heard 
or hoped to hear. Amazed, he carried the adjustment fur- 
ther and still the intensity of the signals increased and 
then with startling suddenness they became deafening and 


® changed their character entirely. Instead of the clear, old 
arly wire-| 


familiar ring, they become mushy—hissing. Something re- 
markable had happened and Armstrong began to study his 








HEADPHONES os 


elie 











Fig. 70. Non-regenerative electron tube detector circuit. 
circuit and labored at it all that summer. It was many 
weeks before he understood all that had happened in the 


' circuit that afternoon but when he did, he was able to 
fF announce his famous principle of “regeneration.” And for 


years the Armstrong regenerative circuit was used through- 
out the world. 

Now what had happened? Simply this: Since the three- 
electrode tube is an amplifier, its output is greater than 
its input. This being the case, it is possible to take a por- 


| tion of the output and feed it back into the input. Some- 


cehiehes 





how this action had occurred in Armstrong’s circuit. In- 
deed, it had occurred in various other circuits, even before 
Armstrong’s, and it was no doubt responsible for the squeals 
and erratic behavior of some of the circuits;. but Arm- 
strong was the first to recognize the phenomenon for what 
it was. This feed-back action can be accomplished in vari- 
ous ways, by magnetic coupling, by electrostatie coupling 
or by combinations of electrostatic and magnetic means. 
Consider the circuit in Fig. 71. This is practically the 
same circuit as that shown in Fig. 70, except that an in- 
ductance coil L; has been introduced into the plate circuit 
and arranged so that its magnetic field intersects the input 
coil L. Normally, alternating voltage from the antenna is 
fed into coil L. This voltage is amplified by the tube and 
appears in greater amplitude in the plate circuit. In Fig. 
71, however, by means of the coil L; some of this amplified 
alternating voltage is fed back into the grid circuit, so 
that even if the external exciting source (the antenna) is 
removed, and if enough energy is fed back, alternating 
voltage will still appear across both the grid and the plate 
cireuits. By varying the degree of coupling between the 
two coils, L and L;, more or less energy can be fed from 
the output back into the input. If enough energy is thus 


» fed back, the circuit will continue to sustain electrical oscil- 
sing thee [ations as long as direct potential is available from the 
)) plate battery. Only enough energy need be supplied by the 
tendency i battery to make up for the losses in the circuit. 
were Te me 


Now, what happened to young Armstrong’s circuit that 


afternoon at Columbia University becomes evident: In ad- 
justing the circuit constants he had effected a coupling 
between the output and input sides of the circuit and 
energy from the output circuit was added to that in the 
input circuit. This was again amplified and again fed back 
to the input side, and so on, the cycle was repeated, the 
signals growing stronger with each successive cycle. All 
this, of course, occurred in far less time than is required 
to tell about it. This was the now-familiar phenomenon of 
regeneration. 

As long as the coupling between the input and output 
sides of the circuit was such that only a small amount of 
energy was fed back, the only effect was to increase the 
strength of the current in the circuit. The effect of the 
“feed-back” was only to neutralize part of the normal 
losses in the circuit. 

Suppose, however, that the amplification is such that the 
amount of energy fed back is sufficient to make up for all 
the losses and still have some power left; then, this power 
will appear as self-oscillations. 

This is what happened in Armstrong’s circuit. As the 
coupling was gradually increased there came a time when 
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The regenerative detector circuit. 


Fig. 71. 


the feed-back was sufficient to neutralize the losses in the 
circuit and the circuit began to “oscillate,” that is, it be- 
came a generator of high-frequency oscillations. 

The signals from the antenna, however, were still being 
applied to the input side of the circuit. The frequency of 
these signal currents was not exactly the same as the fre- 
quency of the oscillations generated in the circuit, since 
the latter frequency was determined by the circuit con- 
stants. Hence, these two frequencies interfered with each 
other and it was this interference or mixing of frequencies 
that was responsible for the abrupt change in the charac- 
ter of the sound heard in the earphones. 

So much for the historical side. We have included it here 
not only because of its inherent interest but to’ show that 
the ability of electron-tube circuits to “oscillate” is a con- 
sequence of the tubes’ ability to amplify. Armstrong’s orig- 
inal purpose was to amplify the signals. The fact that the 
circuit broke into oscillation was more or less accidental 
but it serves to show how easily such circuits can be made 
to oscillate. While the principle of oscillation is of tre- 
mendous importance in electron-tube circuits—for it forms 
the very basis of modern radio-communication systems— 
at the same time it is troublesome. Anybody who indulged 
in the almost universal indoor sport of kitchen-sink radio 
construction in the early twenties will recall the heart- 
breaking effects of oscillation. For the howls and squeals 
and wheezes of those home-made radio sets were all mani- 
festations of unwanted oscillations and despite all elabo- 
rate efforts to prevent them, they persisted. In the years 
since, much has been learned about electron tubes and tube 
circuits and today the tube engineers and circuit designers 
know how to prevent oscillations when they are not wanted 
and also how to produce them efficiently where they are 
wanted. Indeed, as an efficient generator of high-frequency 
electric oscillations, the electron tube has displaced al! 
other methods. Its range of frequency is enormous, extend- 
ing from those of less than a cycle per second to those as 
high as a billion or more cycles per second. 
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CHAPTER XI 
TYPES OF OSCILLATING CIRCUITS 


The ability of the electron tube to generate electrical os- 
cillations from direct current is an important and valuable 
function since it provides a means of generating alternating 
currents of any frequency with purely stationary apparatus. 
Its most important application in this respect is in the radio 
field where it is used to produce the high-frequency cur- 
cents (from 20,000 to 500,000,000 or more cycles per second) 
necessary for efficient electromagnetic radiation. Tubes can, 
however, just as easily produce frequencies of much lower 
orders for industrial purposes, and an increasing number of 
applications are being made in this field today. 

Since this mechanism of oscillation is so important, it is 
desirable to consider it in somewhat greater detail. 

As already explained, an electron-tube oscillator is simply 
a self-excited amplifier. An impulse delivered to the input 
side of the circuit is amplified; part of this amplified im- 
pulse in the output side of the circuit is then fed back to 
the input side and the process repeated. The system supplies 
its own input. 

Suppose, for example, that 1 milliwatt (0.001 watt) is 
required to excite the grid of a triode amplifier and that 








mee Fig. 72. Diagram showing how oscillations 
are buile up im an electron tube circuit. 





the tube has a power amplification of 100 times. The power 
in the plate circuit, therefore, will be 100 mw. or 0.1 watt. 
Any circuit, however, possesses resistance and such resist- 
ances introduce losses which appear as heat. Suppose 
these losses in this case amount to 50 mw. This represents 
half the power in the plate circuit, so 50 mw. remains to 
be used for other purposes. By coupling the plate circuit to 
the grid circuit some of the output voltage excites the grid 
and if this is in the proper phase to add to the original 
exciting voltage, this new additional voltage will be ampli- 
fied and some of it will again be returned to the grid circuit. 
This current which is fed back from the plate circuit has 
the effect of neutralizing some of the resistance of the 
circuit. 

Now, of course, we know that resistance is a property of 
the circuit and, as such, it cannot be neutralized. If resist- 
ance could be neutralized, however, the effect would be, 
with a given voltage, to increase the current. 

This is exactly what occurs in the oscillator circuit. The 
feed-back has the effect of increasing the current; there- 
fore, we can regard it as neutralizing the resistance. As 
the coupling is increased and more energy is returned to 
the grid circuit, there finally comes a time when the virtual 
resistance is zero—all losses being wiped out by the output 
power. From that time on the circuit continues to “oscil- 
late.” This is no violation of the principle of the conserva- 
tion of energy—we are not “getting something for nothing” 
—the extra power is derived from the batteries in the plate 
circuit. 
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This process of building up oscillations is pr 


instantaneous in ordinary circuits. It may take b; 


cycles to arrive at the oscillating condition and ; 
frequency usually is very high—millions of cycles 
tual time of building up is extremely small. The: 


oscillations cannot start unless some initial dis! 


starts the first cycle in the grid circuit, but in any 
circuit there are plenty of disturbances. The mere 
on of the plate voltage or the shaking of a tube is 
to initiate the action. The slightest voltage chang 
grid circuit produces a corresponding but amplific 
in the plate circuit. This change continues in t 
direction as far as the characteristics of the tube 


constants of the circuit will permit. When the cu) 


increasing, the change continues until the plate 


anode current reaches zero. As the limit is reached 


which the tube is biased. 


The mechanism of building up oscillations is illustrated 
graphically in Fig. 72. In this diagram the plate and grid 
current characteristics of the tube are shown in the upper 
left hand corner. The grid voltage oscillations are shown 
directly below. By projecting values of this grid voltage to 
the plate characteristic and then projecting at right angles 
in the manner described in Chapter IV, the corresponding 


plate current variations are plotted horizontally 


right. A small impulse in the grid circuit produces a similar 
larger impulse in the plate circuit. This in turn produces a 
slightly larger impulse in the grid circuit and the oscilla- 
tions build up until an increase in grid voltage no 'onger 
increases the pulsating current in the plate circuit owing 
to the fact that the plate current can neither pass below 
the zero line (because of the unilateral conductivity charac- 





u 





SEED BACK 
COUPLING 














a simple resistor. 








— 


| chang, 
und the 


curren 
reaches its saturation value. In the opposite directi : 
toward less plate current, the change continues un 
In each 
direction successively, the trend reverses. Thus, the current 
oscillates about the nominal d-c. value of anode current to 


rhs 


Fig. 73. An inductively coupled oscillating circuit. This is the 
same circuit that was shown in Fig. 71 except that it is sot 
coupled to an antenna and that the headphones are replaced by 
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Fie. 74. Another form of inductively coupled electron tube of 
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Fig. 76. The tuned-grid tuned-plate circuit which uses the inter- 
electrode capacity of the tube to effect coupling between input and 
output circuits. 


teristic of the tube) nor increase above the saturation value. 
The oscillations are then maintained at constant amplitude. 

It is possible to build circuits in which oscillations build 
up slowly but as a rule circuits are too willing to oscillate 
and elaborate precautions often are necessary to keep 
amplifiers from “winding up” and breaking into continuous 
oscillation. 

This more or less “natural” tendency of electron tube 


| amplifiers to oscillate may not be apparent from the circuit 
' we have considered, Fig. 73. For unless the feed-back ar- 


rangement is purposely introduced, how is the energy from 


| the plate circuit transferred back to the grid circuit? 


This is a logical question. Its answer lies in the fact that 


' the feed-back coupling may be effected in a number of ways. 


The inductive method in Fig. 73 is only one of a number 


' of arrangements. The feed-back can be accomplished just 
| as easily by capacitive coupling, i.e., by the use of a ca- 


pacitor. Various inductive methods are possible. In Fig. 74, 
for example, is an arrangement slightly different from that 


_ in Fig. 73 although in principle it is exactly the same. Here 


the coupling is effected through a separate circuit which is 
coupled inductively to both the plate and grid circuits of 
the tube. In Fig. 75 the coupling is effected by means of the 
voltage developed across a small capacitor C2. The power 


| is extracted by the grid circuit by the voltage across C}. 


With this type of circuit the direct-current power furnished 


| by the plate battery is connected in series with a high- 
' frequency choke coil. 
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If Fig. 75 is examined closely, it will be noted that both 


capacitors C; and C2 through which the feed-back coupling 


is effected are in parallel with the tube elements. The tube 


' elements themselves, however, constitute the elements of a 


small capacitor and it is easily conceivable that if the ca- 


' pacitance formed by the grid and plate electrode is great 
: enough, the coupling capacitors could be dispensed with 
. entirely. This actually is the case in the Armstrong tuned- 


grid-tuned-plate circuit shown in Fig. 76. This is one of the 


_ circuits invented by E. H. Armstrong who first studied the 


feed-back action in electron-tube circuits and who gave a 
qualitative explanation of it. In this circuit, as indicated 


by the arrow, the energy is fed back through the capacity ° 


effect of the tube itself. When the natural frequencies of 
both resonant circuits LC; and LC2 are adjusted to the 


| Same value, the maximum energy transfer takes place be- 


cause with those conditions the voltages developed across 


' these cireuits will reach their highest values. 


Now it becomes evident why it is so difficult to prevent 
oscillations from building up even in circuits that are not 
specifically designed for this purpose. For if the tube itself 
can act as the coupling device it naturally becomes difficult 
to avoid the condition. This difficulty increases as the fre- 
quencies involved become higher because at high frequencies 
the capacity effect of the tube elements becomes increasingly 
greater. (The capacity reactance is equal to 1/27fC in 
which C is the capacitance of the capacitor in farads and 
f is the frequency in cycles per second.) 

At the high frequencies used in radio, the capacity effect 
of the tube elements becomes so marked that special meth- 
ods for neutralizing tube capacitances become necessary. 
These will be described in later chapters. 

The essential principle in all of these arrangements, how- 
ever, is the same whether the energy is fed back through 
the tube by capacitor action or through separate capacitors 
or coils. This principle may be made clearer, perhaps, by 
means of the diagram shown in Fig. 77. Here the flow of 
power can be traced. Coming originally from the B battery 
or other source of direct-current power in the plate circuit, 
part of it is absorbed by the load and the rest is dissipated 
in the tube itself. Once started, the energy travels around 
the (vicious) electric circle shown and the oscillations build 
up until the limit of the tube’s capacity is reached. 

In any case, the load circuit usually contains an induct- 
ance and capacitance which determine the frequency of the 
generated oscillations. It is by suitably proportioning these 
constants (inductance and capacitance) that the frequency 
of the oscillations is determined and, as already pointed 
out, by this means frequencies from those of less than a 
cycle per second to those of millions per second can be gener- 
ated. In radio work, the function of the oscillator is pri- 
marily to supply currents of frequencies of millions of 
cycles per second to the transmitting antenna. 

As pointed out, however, the oscillator can be used to 
supply high- or low-frequency alternating current for any 





Fig. 77. The oscillating cycle. 
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other purpose. In industry it is used for many purposes, for 
producing extremely localized heat in plastic molding oper- 
ations, in the drying of plywood, for case hardening steel 
parts, in welding operations, etc. The number of such appli- 
cations is increasing daily. The oscillating tube is also used 
in many automatic-control instrument applications. 

An excellent example of the oscillator tube as an auto- 
matic-control device is in a system of leveling control for 
electric elevators. In this system, shown in Fig. 78, the 
oscillating circuit with the plate and grid coils is mounted 
on the elevator car. On the walls of the elevator shaft, metal 
plates or vanes are mounted at each floor so that as the 
elevator passes the floor one of these plates passes between 
the plate and grid coils. Normally the circuit is in an oscil- 
lating condition. As the elevator passes a floor, however, the 
metal plate comes betweén the coils and the feed-back action 
is stopped, since the metal plate acts as an effective shield 
against the electromagnetic transfer of energy. As a conse- 
quence the plate current falls, which actuates the relay and 
this sets in motion the equipment which brings the elevator 
to the exact position required with respect to the floor. 

Any electron-tube oscillator may be used to excite other 
amplifiers. When high-power output’ts required, it is-usual 
to produce oscillations by means of a small tube and of 
relatively low power. This oscillator is then coupled to suc- 
ceeding amplifiers consisting of larger tubes which amplify 
the weak oscillations produced by the oscillator. By arrang- 
ing a number of amplifying stages in “cascade” in this 
manner, it is possible to produce high-frequency currents 
of hundreds or even thousands of kilowatts. This is the 
method used in all broadcast and high-power radio transmit- 
ting stations. Similar circuits are used in industrial appli- 
cations. A simplified diagram of such an arrangement is 
shown in Fig. 79. At the left is shown a simple oscillator 
of the type we have considered. This is magnetically coupled 
to an intermediate amplifier which amplifies the weak oscil- 
lations produced by the oscillator. This intermediate ampli- 
fier in turn is coupled to a final output amplifier in which 
the oscillations are again amplified and delivered to an out- 
put circuit. 


CHAPTER XII 


NEUTRALIZING ELECTRON-TUBE AMPLIFIERS 


So far, tubes with only two and three elements have 
been considered. Other elements may be added, however, to 
enable tubes to fulfill certain specialized functions and ap- 
plications. Also, two or more sets of elements may be com- 
bined in one envelope so that a single tube may be used to 
perform two or three separate functions. An extremely sim- 
ple example of the latter principle is the double-anode recti- 
fier shown in Fig. 80, which with a single tube permits 
full-wave rectification as explained in Chapter III. 

Tubes with more than three elements generally are called 
multi-element tubes; specifically, tubes with four elements 
are called tetrodes, those with five elements, pentodes. Many 
element combinations and structures become possible as the 
number of electrodes is increased, but such tubes, thus far, 
have had little application outside of the communication 
field. In a number of cases, additional elements are pro- 
vided to control and direct the flow of electrons in certain 
ways. 

Of the several possible four-element arrangements, one 
of the most important and one that has been in wide gen- 
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Oscillator-amplifier arrangement for producing oscillations of great magnitude. 
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eral use for many years is that used in the screen-grid tube. 

To explain the nature of the screen-grid tube it is neces. 
sary to refer again to the ability of a triode to generate gy. 
tained oscillations through the return of energy from the 















plate to the grid by virtue of the electrostatic capacity ex 
isting between the plate and grid, in a circuit such as showy 
in Fig. 81. This circuit is an oscillating circuit, but it should | 
be noted that it is fundamentally the same circuit that 
would be used as an amplifier, that is, it is a circuit which 
may be designed to amplify but not oscillate at radio fre- 
quencies. For effective amplification, the input and output 
circuits must be tuned to the same frequency. 

At low frequencies, no difficulties are encountered with 
this type of amplifying circuit, but at high frequencies the 
grid-plate capacity effect of the triode becomes so large that 
it serves as an effective coupling between the two sides of 
the circuit. As a consequence, so much energy is returned 


‘Fig. 80. The double diode. By means 
of a single cathode and two plates 
all mounted within a single bulb, the 
functions of two tubes are combined 
in one. 
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to the grid circuit that it is impossible to, prevent the cir 
cuit from setting up sustained oscillations.. Because of this 
a triode cannot be used as an amplifier at high frequencies 
unless special circuits are employed. When the amplifier is 
designed to operate over a relatively small frequency range, 
such special circuits are satisfactory, but where a consit- 
erable frequency range is involved they possess certall 
shortcomings. 

It is with respect to this phase of amplifier operatior 
that the screen-grid tube has advantages. The screen-grid 
tube is nothing more than a triode with an additional gn 
introduced between the control grid and the plate. This 
second grid forms an electrostatic shield which reduces 0 
neutralizes the grid-plate capacitance of the tube and thus 
prevents the return of energy to the grid circuit; hence ! 
prevents oscillation. The shield-grid vube also has oth 
advantages as will be explained. 

Before the details of screen-grid tube operation are con- 
sidered, however, it will be of interest to discuss briefly th 
special circuits mentioned above. The function of these ci 
cuits is to some extent like that of the screen grid, i.¢.,‘ 
neutralize the capacitance of the tube. And here again, as 1! 
the case of resistance, when we speak of neutralizing th 
capacitance we mean neutralizing the capacity effect. Th 
process of neutralization really involves the taking of som 
of the radio frequency voltage from the output or input 
circuit of the amplifier and introducing it into the other 
circuit in such a way that it effectively “bucks” the volta 
operating through the capacity of the tube, thus rendering 
it impossible for the tube to supply its own excitation. Fo 
complete neutralization, it is necessary, therefore, that tl 
neutralizing voltage be opposite in phase to the voltagt 
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, the grid plate capacitance of the tube and equal to 
alue. 
are a number of ways in which this neutralization 
effected. All of them involve some sort of electric 


~ rk or bridge circuit which transfers energy in a direc- 
tion opposite to that through the grid-plate capacity of the 
tube. The out-of-phase voltage required in the neutralizing 
process can be obtained quite readily by using a balanced 
resonant circuit in either grid or plate and taking the neu- 
tralizing voltage from the end of the tank* opposite to that 


to which the grid or plate is connected. Such an arrange- 
ment is shown in Fig. 82. The lower end of the tank coil, 
it will be noted, is connected to the grid through a variable 
capacitor Cy. This capacitor is always a small unit since 
its capacitance must be comparable to the grid-plate capaci- 
tance of the tube. It is by means of this “neutralizing” 
capacitor that the amplitude of the neutralizing voltage 
can be regulated. 


Types of Neutralizing Circuits 

In the circuit in Fig. 82, the neutralizing voltage is ob- 
tained from the plate “tank.” As implied above, however, it 
may equally well be taken from a grid tank as shown in 
Fig. 83. This circuit, it will be noted, resembles the plate 
neutralizing circuit of Fig. 82, except that the neutralizing 
voltage is obtained from a balanced input tank and fed to 
the plate of the tube. These two circuits represent the two 
general classes of neutralizing circuits, i.e., “plate neutral- 
izing circuits and “grid neutralizing circuits.” Each has its 
advantages. In these circuits as shown here, the electric 
network involved in the neutralizing arrangement is shown 
in heavy lines. As will be noted, these circuits actually form 
bridge circuits, the grid-plate capacitance of the tube and 
the neutralizing capacitor forming the two capacitive arms, 
while the halves of the balanced tank circuit form the other 
arms. 

In both of these circuits, the division of radio-frequency 
voltage between the plate and neutralizing portions of the 
circuit has been obtained by balancing the tank coil. The 
balance, however, can also be capacitive by the use of a 
split-stator variable capacitor with a grounded rotor, as 


shown in Fig. 84. 


*The term “tank” circuit has been applied to the resonant cir- 


cuit at the output end of an amplifier—usually a power amplifier, 


for it is in this circuit that currents of high magnitude are set up, 


| from which the energy is drawn for whatever useful purpose may 
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be desired. It constitutes, as it were, a tank or reservoir of high- 
frequency electric energy. It is always a tuned circuit. 


p= 




















Fig. 81. Tuned-grid tuned-plate circuit. The limitations of this 
circuit as an amplifier are due to the fact that the tube, by virtue 
of its interelectrode capacity, acts as a coupling device for the 
transfer of energy from the plate circuit back to the grid circuit 


— — 
VV 











di 
Ww 














L 
fi 
mo N 
Fig. 82. Circuit showing the method used for 
‘pacity effect of the tube. 


neutralizing the 
































= 
= 
> 
“™. > 
INPUT | ~ <4 
ad 
j 4 
ais 7 
| 3 
> 
—— 
“Nw 
rf 
+4 —---— ——__—__—__—+ + 
OB 


Fig. 83. In this circuit the neutralizing voltage is obtained from 
the grid tank instead of the plate tank shown in Fig. 82. 
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Fig. 84. Here the balance is capacitive and 
use of a split-stator variable capacitor. 


is obtained by the 


Many other neutralizing arrangements are possible, some 


of which involve circuits which have not yet received con- 
sideration in this book; they will be considered at the time 
these circuits are discussed, but in all instances the funda- 
mental principles involved are the same. The purpose always 


is to produce a voltage which will oppose the voltage oper- 


ating through the grid-plate capacitance of the tube, thus 


rendering the latter ineffective. In most cases, the neutral- 
izing voltage will be equal to the radio-frequency voltage 


between the plate and grid of the tube so that for perfect 


balance the capacitance required in the neutralizing capaci- 
tor theoretically will be equal to the grid-plate capacitance 
of the tube being neutralized. Thus, it is obvious that the 
neutralizing capacity required at C, will depend upon the 
type of tube and the characteristics of the circuit. When 
two or more tubes are connected in parallel, the neutralizing 
capacitance required will be in proportion to the number 
of tubes. 


The matter of neutralizing is important only when ampli- 
fiers are operated at high frequencies such as those used in 
radio communication work because it is only at high fre- 
quencies that the grid-plate capacity effect of the electron 
tube becomes large enough to result in the transfer of 
energy from the plate circuit. The capacitive reactance of 


any capacitor decreases with the frequency of the current. 


For illustration, suppose we have an 0.1-microfarad capaci- 
tor operating at a frequency of 1000 cycles per second. The 
capacitive reactance of the capacitor at this frequency can 
be figured by the following formula: 


10° 





, 


where X, is the capacitive reactance in ohms 
7 is 3.1416 
f is the frequency in cycles per second 
Cura i8 the capacitance in microfarads 
Substituting our own values in this formula, we have 
10° 
xX.= — — 
6.2831 X 1000 X 0.1 
Now, suppose we leave all conditions exactly as they are 
except the frequency; suppose that is changed to 1,000,000 


cycles. At this frequency, the capacitive reactance is 
10° 


6.2831 X 1,000,000 X 0.1 


This simple illustration will serve to show why the 
capacity effect of the tube elements becomes important at 
Continued on page 156 


1590 ohms 








= 1.59 ohms 
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THE KOLLSMAN MARK Vi DRIFT SIGHT is a worthy companion to the regular Kollsman line of aircraft 


instruments. It is used for an accurate determination of drift and ground speed on Navy long 
range aircraft. Exclusively Kollsman designed, engineered and manufactured...even to the 
lenses and prisms in its fine optical system...it gives new evidence of Kollsman’s versatility 
in adapting its talents to almost any type of precision engineering problem. 


KOLLSMAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 


SQUARE J) COMPANY 


ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
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A Time-tested Test on Instruments 


By Sr. Acft. Inst. Mech. CHARLES S. BELLIN (Army Air Forces) 


for articles on Aircraft Instrument instruction. Although 

I lack the knack of writing I gathered a group of fifty 
instrument questions covering all phases and types of Air- 
craft Instrument work. 

In the past I used these same questions on learners as 
well as mechanics, with amazing results. This “Refresher 
Quiz” is really a test of definiteness. Often, skilled me- 
chanics can handle an instrument with thoroughness, but 
when asked to put their finger on definite peculiarities of 
said instruments they find themselves in a fog. 

This test has been given without aid of a text-book, but 
I soon found that after the test many participants were 
seeking references on the subjects involved, and studying 
them for the first time. 

The time limit is from half to three-quarters of an hour. 


PART ONE—TRUE OR FALSE 


1. The rate of climb indicator is an altitude indi- 
cating instrument. 

2. Most tachometer shafts run at crankshaft speed 

3. The altimeter is an absolute pressure gage grad- 
uated in feet of altitude. 

4. The hydrostatic fuel level gage is so calibrated 
that it can be used on any gas tank. 

5. The turn indicator and bank indicator are de- 
pendent upon each other in their mechanical opera- 
tion. 

6. If the altimeter were set for a given barometric 
pressure and that pressure decreased, the altimeter 
would read less altitude. 

7. Gyroscopic precession is the working principle 
of the directional gyro. 

8. The oil temperature gage should read approxi- 
mately 100°C. before taking off. 

9. If the turn indicator was rotated 90°, it would 
indicate pitching motions, and, therefore, would serve 
the same purpose as the rate of climb indicator. 

10. The cylinder head temperature will generally 
run about 20°C. higher than the normal oil tem- 
perature. 

11. The sensitive altimeter indicates the true height 
above the ground at all times. 

12, Thermocouple leads consist of double insulated 
copper wires. 

13. The Venturi tube of the turn indicator instal- 
lation should be located outside of the slipstream. 

i4. Air speed indications are greater at higher 
altitudes, 

15. When installing a centrifugal tachometer, the 
ro ess shafting should be coiled in not less than a 
» 5° circle, 


|: several past issues of Instruments I have noticed pleas 


PART TWO—FILL IN BLANKS 
16. Upon what gyroscopic principle does the turn indica- 
tor work? ...... 
17. Facing the ball tank indicator the ball will be on the 
side during a right hand skidding turn. 
18. From zero to pounds per square inch is the 
usual calibration on a fuel pressure gauge. 
19. The sensitive unit of the air speed indicator consists 


20. The sensitive unit of the altimeter is called the 

21. The type of fuel level gage that corresponds to a 
manometer tube is called a gage. 

22. The sensitive element of the manifold pressure gage 
is the same as that of the 

23. The liquid used in vapor-filled instruments is 

24. The indicator needle of the turn indicator will point 
to the during a vertical climb. 

25. The approximate speed of the gyroscope in the turn 
indicator is r.p.m. 

26. The turn indicator gyroscope will precess to the left 
during a ? 

27. The error for which the magnetic compass is compen- 
sated is 

28. The fuel pressure gage uses a mechanism, 

29. The most generally used type of air speed indicator 
is the type. 

30. The magnetic needles of the compass are attached 


may be used as a damping fluid in the 
magnetic compass. 


PART THREE—ANSWER YES OR NO 


32. Do all aircraft engines rotate in a clockwise 
direction? 
33. Will the ball bank indicator show the angle 


34. Will the turn indicator be affected by pitching 
motions of the plane? 

35. Will the centrifugal tachometer work regard- 
less of which way the mechanism is rotated? 

36. Is a battery necessary in the installation of an 
electric thermocouple temperature gage? 

37. Is a manifold pressure gage calibrated in 
pounds per square inch? 

38. Can the chronometric tachometer be driven by 
a flexible shaft? 


PART FOUR—MULTIPLE CHOICE (pick one 
four and UNDERLINE ONE) 
39. How many types of Autosyn Indicators are there? 
(five, eight, twelve, one) 
40. To adjust a Flap Indicators readings one must (cor- 
rect wiring, install new indicators, coincide transmitter 
with instrument, put in new fuse) 


out of 
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41. The name “Selsyn” is usually associated with (com- 
passes, radios, bomb-sights, position indicators) 

42. An octant is used to (Align Driftmeter, obtain posi- 
tion of aircraft, check gyro precession, check altimeter) 

43. An accelerometer is used to (check landing gear oper- 
ation, aircraft deviation, oxygen supply, measure torque of 
aircraft) 

44. In swinging a compass one usually faces the aircraft 
first to the (North, South, East, West) 

45. A Directional Gyro is sometimes called (Artificial 
Horizon, Gyro Horizon, Turn Indicator, Direction Finder) 

46. The “muscles” of an Automatic Pilot is called the 
(rotors, cables, oil sump, servo unit) 

47. To align a Driftmeter one would use a (transit, binoc- 
ulars, master compass, pelorus) 

48. The damping cylinder in a turn and bank indicator is 
used to (compensate for temperature, oil ball bearings, 
remedy pivot friction, regulate precession of the gyro as- 
sembly as the aircraft turns) 

49. To set zero index on a sextant one would use (colli- 
mator, transit, manometer, consult weather station) 

50. The reason for adding gyro oil to the wick of the 
turn and bank indicator approx. every 400 hours is (so 
that the rotor will remain balanced, preserve the life of 
the bearing, provide proper damping for the inclinometer) 


f 


Answers on page 154 


Pitot-static Tube De-icer Tests 
ESIGNED for pursuit planes and bombers, Pitot-static 
tubes for air-speed indicators are shown being tested 
by an engineer at the Mansfield, Ohio, plant of the West- 





inghouse Elec. & Mfg. Co. to make sure they will melt snow 
and ice at high altitudes. Equipped with tiny electric heat- 
ers, the tubes must raise the temperature of water a certain 
number of degrees in a certain length of time to pass in- 
spection. In use, they are attached to the wings or fuselages 
of planes to produce a pressure differential which is trans- 
lated into miles per hour on the indicator dial. 





You Guessed It at First Glance! 


UST what was it originally, this apparatus for testing 

aircraft instruments under sub-zero conditions in the 
instrument shop of United Air Lines’ central maintenance 
base at Cheyenne, Wyo.? You guessed it: a household re- 
frigerator! A vacuum pump and extra electric motor have 
been installed in the base and a drawer for dry ice is 
located directly under the shelf on which instruments are 
tested. There also is a shelf for dry ice above the instru- 
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ments. The window in the door is a double one with a two. 
inch air space which keeps it from icing up. Using the 
refrigerator, instrument specialists are able to obtain tem. 
peratures as low as —35°F. with gyro instruments which 
require air flow and —90°F. with instruments not requir. 
ing air flow. In this picture an automatic pilot is show 
installed for testing. Results? Well, when those fellows jy 
Cheyenne adopt a testing method and when United’s toy 
engineers in Chicago let it be publicized, you can bet it’s 
as satisfactory as if it had been investigated for ten years 
by Brom’s boys at the NBS ... . and in some instances it 
had been! 


812 N. Deraware Prace ~ 


Tursa, Oxranoma 


INTERNATIONAL 
HEADQUARTERS 





The following articles have been contributed 
by the Aircraft Instrument Guild. For fur 
ther information on any of the subjects dis- 
cussed, write to the Guild at the above address. 


C.A.A.’s Revision of Requirements for 
Instrument Overhaul Laboratories 


By R. G. OJERS, President, Aircraft Instrument Guild. 


N America’s post-war planning, one of the projects co! 

templated by many instrument mechanics is to own a! 

operate an instrument overhaul department back 
their own home town. Those of you with this in mind shoul 
consider the Civil Aeronautics Administration’s intentio! 
of revising the requirements for instrument overhaul lat 
oratories. 

A few years ago, in the infant days of aviation, th 
C.A.A. outlined minimum requirements for instrument: over 
haul shops that today are completely outmoded—perhaps 
dangerous. 

Now that the wheels of necessity are grinding slowly but 
surely toward the aircraft instrument mechanic being rate 
by the C.A.A., let us work toward another factor of evel! 
more importance, especially for the civilian owners an¢ 
commercial operators—that of a sufficiently and pr 
equipped laboratory. 

In many trades, anyone can start a business. In wat! 
repairing, for instance, any man or woman, if he « 
desires, can, with a pair of pliers and some screwd 
start overhauling watches and clocks. It isn’t against t 
law and if the quality of the work isn’t high, no one 1s 1! 
jured: The owner of the timepiece may be late for work 
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To our customers Cannon Quakity Control means one thing only—the absolute depend- 
ability of Cannon Connectors. 

To Cannon men and women, however, quality control means 4 thousand things —the 
constant vigilance to innumerable details —the continuous betterment of design—the 
alert scrutiny of materials—the steady improvement of machines, tools and methods— 
the checking, testing and checking again of all the parts as well as the completed product. 

It means following the product into use to measure it against the demands of service. 
And so Cannon Quality Control results in what you know and appreciate—the uni- 


formity of excellence throughout the multi-millions of Cannon Plugs in service today. 


An important training aid ‘‘Soldering Tips,” a 25 minute slide film with 
sound, giving step-by-step procedure in soldering contacts ...a companion 
film for ‘“‘The Quick Disconnect,’ available on request. Contact your 
Cannon Representative or write direct to the Cannon Factory, Dept. A-123. 
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CANNON ELECTRIC 


Cannon Electric Development Co., Los Angeles 31, Calif. 
Canadian Factory and Engineering Office: Cannon Electric Co., Ltd., Toronto 


REPRESENTATIVES IN PRINCIPAL CITIES — CONSULT YOUR LOCAL TELEPHONE DIRECTORY 
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@ This new, efficient in- 
strument is used mainly 
for calibrating low pres- 
sure instruments and other 
devices. It can be employ- 
ed also as a conventional 
manometer for reading 
pressures or vacuums. 











Highly sensitive, the Meriam 
Micromanometer permits 
readings to plus or minus 
001” water pressure. Most 
rugged, and unequalled 
in simplicity. Not the 
least complicated or mys- 
terious, it can be han- 
dled successfully by the 
average operator. 
Ask for Bulletin 25 


THE MERIAM 
INSTRUMENT CO. 


10958 Madison Avenue 7 
Cleveland 2, Ohio 
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a business appointment, but no bodily harm is done man 
that is a good salesman can do the same thing with giy. 
craft instruments. It isn’t against the law either but. in this 
case, if the repaired instrument doesn’t work, the pi may 
meet bodily harm. ; 

So let us consider all angles, safety first, quality, juan- 
tity and precision of testing equipment, as we all ar wel] 


aware that regardless of the ability of a mechanic, his 
work is useless unless he can properly calibrate and test hig 
completed units. Therefore the laboratory equipment myst 


be right. 
Many 
electric, 


new instruments are either all-electric « 
which necessitates certain electrical testin;: 


part- 


equip- 

ment not found in even the best repair shops a few years 
ago. 

As a suggestion, please consider the following MINiImuy 


requirements, bearing in mind that this is to be used ag g 
criterion for discussion, etc. Perhaps there are items we 
have failed to list, or some may be listed that are not com. 
pletely necessary in your opinion. 


REPAIR STATION EQUIPMENT REQUIREMENTS 
Mechanical 
Master Mercurial Barometer, temperature-compensated, 
Also, one Standard Mercurial Barometer (well type) fo; 
calibrating, to eliminate the exercising of Master 
eter. 
Electric Motor (synchronous-driven). 
Turn & Bank Tester. 
Dead Weight Tester, Scale range 0-10 lbs. 
= “e: ws ey 0-300 Ibs. 

0-3000 Ibs. 
Liquid Type Airspeed Testing Manometer. 
Manifold Pressure Tester (mercury well type) with sub- 

stantial type pressure chamber. 

Climb Indicator stand (swivel type for position error test 
and balancing) with liquid type manometers. 

Master Stroboscopic Tachometer tester (or similar teste: 
using light for accurate indication). 

Temperature calibrating and testing unit for 

pressure thermometers (3-container type for cold, hot a 

room temperature) electrically-heated. 

Compass card energizer (minimum 20-amp 225-volt d.c 

Pelorus for compensating compasses. 

Chronometric or railroad watch (16 size 21-jewel or bet 
ter for airplane clocks). 

Demagnetizer for hand tools and instrument parts 


Barom- 


“ “c “ “é ““ 


Vapor- 


Gyroscopic Overhaul 

Necessary special jigs for gyroscopic overhaul. 

Grooved lapping blocks. 

Surface plate. 

Dial indicators of stated precision to meet requirements 

Precision drill press. 

9” Power lathe. 

Power Grinder. 

Large bench vise. 

Protected cleaning vat for large parts. 

High-volume vacuum pump (capacity, 
fied). 

Table Model Scorsby. 

Turn-table for Turn Test. 

Shop should be air-conditioned to keep down dust a! 
moisture (refrigerant unit to be specified). 

Fluorescent illumination to produce “natural light.” 

Paint spray booth with blower vented outside (to « 
nate fumes and paint dust, fire and health hazard) 

Suitable place for stock of material and jigs. 

Adequate supply of air pressure, filtered, for drying 
parts. 

High-vacuum pump for pressure instruments (specifica 
tions to differ from those of large-volume vacuum pum) 


etc., to be spec 


Electrical Department 

1. Low voltage Supply (24 volts) High Amperagt 
amps) 

2. Voltmeter 0-50, Weston Model 45 or equivalent 

D-c. Milliameter 0-500, Weston or equivalent 
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MODEL NO. 1632 a Sic. é 
It dc) & 4 ; 
or bet @ Triple shielding throughout, Steel 
outer case, steel inner case, plus 


CONTINUOUS COVERAGE — 100 KC. TO 120 MC. e ALL FREQUENCIES FUNDAMENTALS copper plating. 


A complete wide-range Signal Generator in keeping with the 
broader requirements of today’s testing. Model 1632 offers accu- 
racy and stability, beyond anything heretofore demanded in the 
test field, plus the new high frequencies for frequency modulated 
and television receivers, required for post-war servicing. Top- 
quality engineering and construction throughout in keeping with 
the pledge of satisfaction represented by the familiar Triplett 
trademark. wt 
Of course today’s production of this and other models go for 0:58 ay Rene eer See 
é é wire wound impregnated against 
war needs, but you will find the complete Triplett line the answer humidity with “high-Q” cement. 
to your problems when you add to your post-war equipment. 


»*ments 











@ Note sections individually shielded 
with pure copper. Entire unit en- 
cased in aluminum shield. 


March 1944--Instruments—Page i49 










































q i 
CIRCUIT BREAKERS 


A uniform size and shape of thermo- 
static bimetal elements may now be 
used in the building of a line of circuit 
breakers covering a wide range of cur- 
rent ratings. This is made possible by 
selecting a type of bimetal based on the 
electrical resistivity. 


The requirements for such applications 
are being met by the following types, 
which cover a wide range of electrical 
resistivity values. 


Electrical Resistivity Recommended Type of 
ohms per cir. mil ft. Thermostatic Bimetal 


95............Chace No. 3300 
125............Chace No. 6125 
150............Chace No. 6150 
200............Chace No. 6200 
300............Chace No. 6300 
400............Chace No. 6400 
480............Chace No. 2400 
DE sissies te .. ..Chace No. 6650 
850............Chace No. 6850 


The greater activity of Chace bimetals, types 
6650 and 6850, permits the designing of smaller 
units, thus holding weight and size down to a 
minimum, an important consideration in the 
making of aircraft controls. For specific recom- 
mendations, write us detailing your problem. 


wm CHACE co 


i, Thermostatic Bimetals and Special Alloys 
E: J609 BEARD AVE + DETROIT 9, MICH. 


Page 150—Fnstruments—Vol. 17 








. D-c. Milliameter 0-1000, Weston or equivale: 
5. D-c. Millivoltmeter, Center Bal., 0-5, W, 
equivalent 
6. D-c. Millivoltmeter 0-100 
7. D-c. Ammeter 0-50 
8. Decade Resistance Box 1-ohm steps 1 to 1111 ohms 
9. Vacuum-tube Voltmeter : 
10. Magnetizer 
11. Demagnetizer 
12. 0-50 Thermal Milliammeter 
13. A-c. Voltmeter 0-120 
14. A-c. Ammeter 0-50 
15. Hot & Cold Temperature Box 
16. A-c. Power Supply, Variable Voltage. 
17. Analyzer, Standard Type 
18. Link-Trainer Test Equipment 
Telegon oscillator, 700 cycles, A-c Voltmeter Thermo 0 
150 volts. Thermo Milliammeter 0-500. Frequency Meter 650 


to 750. Suction and Pressure Controls 400 cycles power | 


supply. 

Your cooperation in setting forth your opinions on the 
necessary minimum requirements of a Government-ap. 
proved Aircraft Instrument Overhaul Shop is most sip- 
cerely sought. This will be especially beneficial to many of 
you desiring to set up your own instrument shops. There 
always is a large gap between the minimum requirements 


and the maximum or ideal, all the time bearing in mind | 


that the minimum requirements MUST be sufficient. Grab a 
few sheets of paper ... THINK HARD... and send me your 
list—together with reasons for including new items or ex- 
cluding some of my items. 





Fuel-air Mixture Indicators 


By SIMON S. JACKEL, Instructor Aircraft Instruments, 
Army Air Forces, Yale University, New Haven, Conn. 


(Conclusion) 
PART VI—TROUBLE-SHOOTING 


Supplementing the information in Section V, the follow- 
ing may be of assistance in the event of trouble. 

1. If no response or “kick” of the pointer results upon 
switching the current on: 

(a) There may be an open circuit in the current supply 
or the galvanometer wires. 

(b) The ballast tube in the indicator unit may be burned 
out. 


2. If the indicator pointer deflects violently to one or 
the other end of the scale when the current is switched on: 


(a) The wires may be connected up wrongly or there may 
be a ground. Check all connections and, if in doubt, conti 
nuity check all wires between the units to see that they are 
correctly connected. Make sure no strands of wire are 
touching adjoining terminals or are grounded. Test for 
grounds in the usual manner, disconnecting both battery 
leads. If a ground is not found in the wiring connecting the 
units, it may be traced to the individual unit by disconnect 
ing the wires to each unit in turn. 

(b) There may be an open circuit in the bridge spirals. 
Inability to set electrical zero (adjusting rheostat reaches 
the end of its travel) is indicative of this. If the indicator 
pointer deflects violently against the end stop as the switch 
is turned on and off at 5-second or 10-second intervals, one 
or more platinum spirals are probably damaged. To verify 
that the trouble is in the analysis cell, a spare cell should 
be substituted and the instrument checked. 


3. If the instrument does not properly respond to 4 
change in mixture ratio: 

(a) The analysis cell may not be getting a sample 0 
the exhaust gas due to the inlet sampling nipple being ™r 
properly placed; water or ice in the sampling system, 
clogged gas lines or filter; or back pressure on the gas out 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
ane 


144.00 









LESS 
HEADROOM 
REQUIRED 














for this RELAY... 


The WARD LEONARD Midget Metal Base Relay 
measures only 1'/,” in height. Its sturdy design per- 
mits continuous service on standard AC and DC 
voltages up to 110-115V. This double pole, double 
throw relay has the silver-to-silver contacts charac- 
teristic common to all Ward Leonard Relays. Data 
bulletins are available describing various Ward 
Leonard Relays. The line is complete. Send for 
bulletins of interest to you. 


‘jy WARD LEONARD 


RELAYS » RESISTORS « RHEOSTATS 


Electric control (wi) devices since 1892. 





3 WARD LEONARD ELECTRIC COMPANY, 38 South Street, Mount Vernon, N. Y. 














Why These Basic 
Principles of Micro Switch 
Design Assure You... 


¢ Longer switch life than you will ever need 


¢ Absolutely precise and accurate repeat operation 
¢ 40 grams contact pressure—lightning-fast contact action 


The Micro Switch design incorporates features that provide desirable 
performance characteristics not generally found in snap-action 
switches ... The heat-treated beryllium-copper spring bends in the 
game direction as the operating plunger—no reverse bends—no 
“ailcan” action... gives longer switch life—accurate repeat action 
—increased contact pressure—lightning-fast action—millions of 
Operations On minute movement and force differentials. It is the 
choice of design engineers for all types of sensitive instruments 
cial shape of these grooves, which 
reduces friction to a minimum 
Stationary ° | 
contact is 


a flat inlay 
of 99.95% 


: “if ' 
—— ———— —t fine silver. || a ~ €& / 1 





The beryllium-copper spring is made This con- 
in one piece. It is gauged to an accu- struction 
rate .0085” thickness;hashighresist- assures 


ance to fatigue. Ends of compres- 
sion members are finished to provide 
an extremely low friction bearing. 
Contact end of the spring is fitted 
with a riveted radius type contact 
of 99.95 % fine silver. It moves at a 
speed of 3/1000ths to 5/1000ths 
of a second with a rolling action 
and extremely high pressure. 









Short spring 
members piv- 
Ot in patented 
V-grooves of 
this sturdy 
brass anchor. 
Note the spe- 





for use in aircraft. 


If you would like to know more about the 
Micro Switch, send for the two Handbook- 
Catalogs illustrated here—No. 60, which 
covers Micro Switches in general; and No. 
70 which deals with specific Micro Switches 


ample over-load capacity and maxi 
mum heat dissipation. 


Operating ys 
plunger is a 
highly polished 
stainless steel 
pin imbedded 
in an accurately 
moulded _ star- 
shaped Bakelite 
head. Provides 





t 


over-surface 
path to live parts, thus insuring free- 
dom from electrical leakage. Plunget 
head cannot rotate within the hous 
ing, insuring against any variatio#s 
in point of operation. 


long 





Micro Switch is a trade name indicating manufacture by Micro Switch Corporation 


MICRO (¥&, SWITCH 





Manufactured in FREEPORT, Illinois, by Micro Switch Corporation 
Branches: 43 E. Ohio St., Chicago «11 Park Place, New York City 
Sales and Engineering Offices: Boston + Hartford + Los Angeles 


March 1944—Instruments—Page 151 



























VICTORY 


iS ASSURED 


iF @ @ @ we confine ourselves to 


the task in hand with not too much thought on 
tomorrow’s problem. To this end our entire or- 
ganization is dedicated. 
We are endeavoring to give our best . . . pro- 
ducing the things needed now! Tomorrow we 
can offer the unrevealed of today; contributions 
toward a better future— mighty important 
though appearing insignificant against the back- 
ground of the present picture . . . In the mean- 
time we ask your indulgence. 
If you have any problem as regards the appli- 
cation of Capacitors please feel free to consult 
. Our more than a Quarter-Century experi- 
ence as CAPACITOR SPECIALISTS is at your 
disposal. Over the years we have supplied FAST 
CAPACITORS to innumerable Instrument 
Manufacturers, Laboratories, Research Organ- 
izations, Scientists and Schools. 


When you think of Capacitors, think Fast 


CAPACITORS for Electronic Instruments, Laboratory Stand- 
ards, Motion Picture Cameras and Projectors, Oscillograpbs, 
Oscilloscopes, Pressure Controls, Regulators, Relays, Scientific 
Instruments, Sound Recorders, Special Purpose Meters, Spec- 
trographs, Spectropbotometers, Temperature Controls, Timers, 
X-Ray Apparatus, and many other applications. 








eee eeeecata 


Pistaeaee Specialists for a Quarter-Century 
3105 North Crawford Avenue, Chicago 41 
Conodron Representatives Beaupre Engineering Works Reg d 


210! Bennet! Avenve, Montreal, for Power Factor Correchon 
I. & Longitofe, tid, 143 Berteley Street, Toronto, for Specvel Applicotions 
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let from the cell. These points should be checked cor. i — 


rected where necessary. i Ih 

. ‘ 3 J 

(b) The galvanometer wires may be reversed at { con. ee 
nections to the analysis cell. This would cause the cat 


pointer to move in a direction opposite to normal. 
(c) There may be pivot stiction in the galvano) 






































wee 


there may be some obstruction preventing free n ment : 
of the pointer. 
(d) The mechanical or electrical zero may be off. Cheg ' 
in accordance with paragraph 5 and 6, Part \ eet 
porary shift may take place in the electric zero dus vater 
or other vapors being condensed on a spiral or jn the 
passages. To remedy—remove the filter wool and air the 
instrument with the current on for several hours, noting 
whether this restores proper and stable electrica] ro. If 
zero has not been restored, remove the cell from the plane 
oS, ae Two 
YI TOAAEGE 
| Garrer | ! 3 I 
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L MIXTURE INDICATOR e 





Fig. 11. Electrical Wiring Diagram of Dual-engine Fuel-air Mixture 
Indicator. 


and air for a few days in a warm place not over 52° 
(125°F.) with the filter open and then recheck. 

(e) The rheostat brushes and contacts may have becom 
dirty. They should be cleaned and wiped with a clean, dry 
rag. This may be preceded by wiping off the brush wit 
benzene, if required. 

PART VII—DISASSEMBLY AND ASSEMBLY 

Disassembly and assembly should be performed by 2 
skilled mechanic only, in a room free from dust and dirt 
The manufacturer’s instructions should be followed closely 
and care should be exercized that no parts are damaged by 
excessive pressure from the mechanic’s hand. Whenever 4 
block of platinum spirals in the analysis cell is replaced, 4 
calibration check must be run. The electrical and mecha 
ical zeros should always be set before calibration checks 
are made, and the procedure outlined briefly in paragrap) 
10, Part V should be followed. 

The diagrams and resistance values supplied by the ma! 
ufacturer should always be consulted and checked whe! 
trouble shooting or overhauling. The electrical circuit of 4 
Cambridge Dual Mixture Indicator is given in Fig. 1] 

In conclusion, the Fuel Mixture Indicator is an instru 
ment that will give excellent service when installed and 
maintained properly. If used carefully, it becomes a valu: 
able member of the “Invisible Crew” that makes possibl 
safer and more efficient aircraft operation. In this neces 
sarily incomplete article, the writer has tried to establish 
a working understand of the principles of operation, i! 
stallation, maintenance, and trouble-shooting. Careful at 
tention to these details will considerably prolong the satis 
factory service life of the fuel mixture indicator. 
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~~~-. |] Two Sizes " 
~biutcnd 3/16” and V2” Bar 9" Bed 
a i |f Capacity 4” Swing 
ll Both Sizes Have Lever Collet Closers 
‘oct! | |NSTRUMENT REPAIR LATHES 
ry 3/16” Bar Capacity, 9” Bed, 4” Swing 
Compound | Motops | Milling i 7 

— | & Slide Rests | V,hp.and Smaller | attachments ASK 

Collets for 3/16” and !/,” Bar Lathes 
mr For Precision Work on all Types of Instruments IMPROVED 

Write for details and prices 
R. P. GALLIEN SOLENOID TYPE RELAYS 





! 
| 
j 
ee 


220 W. Fifth St., Los Angeles, Calif. ; 
PRECISION INSTRUMENT EQUIPMENT @ TOOLS © SUPPLIES VY aragor a 


AVAILABLE FOR EARLY DELIVERY 





@ Production for war has brought a host of marked 
improvements . .. among them the New Paragon 
Solenoid type relays . . . relays which are built to the 
most rigid specifications and pass the most critical in- 
spections. Best of all . . . they are available for short 
term delivery. 


Some of the striking improvements are: 


1 Easy to mount . . . rubber encircled mounting holes 
readily accessible. 






— — = 





Mixture 








‘e become 
lean, dry 
‘ush wit! 





2 Silent in operation. 






3 Fine silver contacts readily accessible and amazingly 
easy to remove. 

4 Contacts are quick acting because of free floating type 
plunger and double return coil spring. 

5 All metal parts cadmium plated or otherwise protected 
against elements. 

These relays are conservatively rated at 15 amps., 

110 volts A.C., non-inductive load. Available for inter- 
mittent or continuous duty, with or without tropical 
insulation. Write for a technical bulletin. 
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/ Performance Record 


 ... backs up your judgment when 
you select Oster Motors 


This record is your assurance that you are dealing 
with a seasoned, dependable source — that you 
are not “taking a chance.”. . . Illustrated is type 
C-2B-1A, 1/100 H.P. model in current production; 
- developed especially for aircraft use. Well adapt- 
Cult OF 4 < able to blower applications, under most adverse 
mh ee conditions. Designed for continuous duty to oper- 
ate in high ambient temperatures (will 













Built by an organization of engineers and skilled 
craftsmen specializing on electrical equipment since 1905. 


PARAGON ELECTRIC COMPANY 
35 W. VAN BUREN ST. e@ CHICAGO 5, ILL. 
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FIRST OF A SERIES OF NEW PRODUCTS— 
















instru 

" ; ce operate satisfactorily in a 90° ambient). OTHERS TO BE ANNOUNCED SOON 
pp ., Ball-bearing-equipped. Built in an alu- 

oe minum die-cast housing. 6, 12, 24, or | 

possible 115 volts DC; 115 volts AC. Let us 

is neces help you fit this or other Oster motors | 7s | rey a! . 0 

establish to your requirements, M-11B § ars 

tion, IM since 1905 


John Oster Mfg. Co. of Illinois 
Department N-11 Genoa, Illinois . aulto 


EQUIPMENT 
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Series 


DIAL INDICATORS 


WITH 14 DIALS 
IN 4 SIZES 


A COMPLETE NEW SERIES 


| These Dial Indicators have all the desirable 
features for measuring and checking accuracy. 
Four sizes to American Gage Design Com- 
mittee specifications. Fourteen different dial 
numberings. One-piece, drop-forged cases and 
stems. Wire attached bezels. Cup-shaped dials 
that need no springs beneath. Pinions and 
staffs of hardened steel, ground for accurate 
fitting and long wear. Various styles of backs 
and contact points. The best and most effective 
shock-absorbing wheel assembly, optional. 


SEND FOR CATALOG NO. 52 





B. C. AMES CO. 


WALTHAM, MASS. 
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Jaeger Tachometer Creep Tesi 
By FRED E. HONEYCUTT, 
SECTION II 


Number 


Guild Recorde: 


We discussed the one test last mont] +} 


article Number 2, 22 and face-down tests will be “al 

First we turn the tachometer tester on just e zs 
the Master Tachometer will indicate 200 R.P.M. } ha 
the instrument on the shaft, turning clockwise fo nd 
onds and lifting it off, we can note whether or not th, 


pointer returns to zero. If it doesn’t return to ; f 
possible errors might exist which are: (1) Not en ter 
sion on integrator spring. (2) Not enough tensi 


rector spring. (3) Too much tension on top forksp (4 
The center build up too tight. 

Now we will shift instrument over to the shaft ing 
counter-clockwise and back again on shaft turning clock. 
wise, watching closely to see if the reverse gear has plenty 
of freedom in reversing. If the reverse gear does fail t 
reverse or even lag, it has possibly been screwed down to 
tight. That is, if the instrument is the C-11 type. It s the 


C-8 type and it fails to reverse, it has a couple of notches 
worn on the side preventing it from sliding and reversing 
or it might be hanging on bottom bridge. Check fo: proper 
freedom. 

For the Number 22 test we run the tachometer tester uy 
so the Master Tachometer will indicate 2200 r.p.m. while 
the tester is running at this speed we place the instrument 
on the shaft and note the manner in which th 
ascends. It should not hesitate more than once in ascending 
to 2200; if it does, or if it goes up to 2100 and jerks tyx 
or three times before reaching 2200, the Corrector Spring 
isn’t centralized. If pointer goes up to 2200 all right but 
falls back to 2150 at times, the Corrector and Integrator 
Forkspring might be blunted or not enough tension to mes} 
tightly against — If pointer goes past 2200 at times 
and falls back to 2200, the Integrator Wheel isn’t retur 
ing to the stop as it should. 

We now lift instrument from the shaft and watch closely 
to see if the power from mainspring causes the reverst 
gear to unmesh from Commander Gear. If it does there 
isn’t enough friction in the Reverse Gear. The Reverse Gea: 
in the C-11 type should be tightened down more. If the error 
is in the C-9 type, a thrust washer might be added. If the 
mechanism stops running leaving the pointer any place ex 
cept zero, the error is most likely to be a weak Mainspring 
(If Reverse Gear doesn’t unmesh with Commander Gear 

The face-down test is to turn instrument face down while 
it is still connected to tester. In doing this, if ther: 
much end play in cam-arbor assembly, it will work down 
allowing the shoulder immediately below the lower cam t 
interfere with the lower forkspring meshing with integra 
tor wheel. This error is evident when pointer goes up a! 
drops back to zero at intervals. 


pointer 


END OF AIRCRAFT INSTRUMENT GUILD SECTION 


ANSWERS TO AIRCRAFT INSTRUMENT QUIZ 


1. False 15. True 29. Pitot-stati 
2. False 16. Rigidity differentia 
3. True 17. Left 30. Card 
4. False 18. 10 or 25 31. Acid-free 
5. False 19. Diaphragm kerosene 
6. False 20. Aneroid 32. No 
7. False 21. Sight 33. No 
8. True 22. Altimeter 34. Yes 
9, False 23. Menthol chloride 35. Yes 

10. True 24. Center 36. No 

11. False 25. 12,000 37. No 

12. False °6. Right 38. Yes 

13. False 27. Variation 39. One 

14. False 28. Bourdon tube 


10. Coincide transmitter with instrument 
41. Position indicators 

12. Obtain position of aircraft 

43. Measure torque of aircraft 

14, North 

45. Turn indicator 

46. Servo unit 

47. Transit 

48. Regulate precession of the gyro assembly as the aircrat 
49, Collimator 

50. Preserve the life of the bearings. 
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PHOSPHORESCENT AND 





e Gee 
saprein FLUORESCENT COMPOUNDS 
If the . . . 

Materials processed with radium compounds 

Hace && clow everlastingly in the dark without activation 

Spring from any outside source. 

es We process with luminescent compounds, all 
types of dials and other devices, in metals, 

, wo plastics and glass, according to the latest Army 

c cow and Navy specifications. Our perfected labo- 

cam t ratory methods ensure uniform accuracy and 


durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium—L nder one control —mining, 
refining, technical research, processing and 


Alnor vELOMETER 


distribution of radium products for industry. 





the direct reading 
air velocity meter I 


bit 





Air speed in feet per minute is read directly and instantly 
on the scale of the Alnor Velometer. Anyone can use this 
simple instrument—there are no calculations, no leveling, 
no timing, and no conversion tables. This convenient 
instrument allows quick checking of draft, leaks, velocities 

at air conditioning outlets, and any other air movement. LZ 
Quick, accurate air velocity measurements give a valuable 

check on efficiency of equipment. 


The Velometer is made in several standard ranges from Cc ana rs | i an 


20 fpm to 6000 fpm, and up to 3 inches total pressure. 
Special ranges available as low as 10 fpm and up to 25000 
fpm velocity and 20 inches pressure. Write for bulletin RADI UM & URANIU Mw 
with complete data. 
Corporation 
ILLINOIS TESTING LABORATORIES, INC. 630 FIFTH AVENUE « ROCKEFELLER CENTER « NEW YORK 


420 NORTH LA SALLE STREET i 
CHICAGO 10, ILLINOIS , 
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This amazing elec- 
tron microscope, 
developed in the 
RCA Laboratories, 
explores new 
sub- microscopic 
worlds not reveal- 
ed by light waves. It is from 50 to 
100 times more powerful than the 
strongest optical microscope. Mag- 
nifications up to 100,000 diameters 
are obtainable. 


The use of Ohmite Rheostats and 
Resistors in the circuits of such an 
advanced electronic instrument is 
a tribute to their quality and per- 
formance. 


Ohmite Products are used today for 
accurate, dependable control- by- 
resistance in many electronic and 
electrical devices ...in laboratory 
apparatus, in fighting equipment, in 
scientific instruments, and in the 
production tools of war. These 
resistance units will be ready to 
serve the newelectronic age to come 
... after Victory is won. Ohmite 
engineers are glad to work with 
you on any control problem. 


Send for Catalog and 
Engineering Manual No. 40 


Write on company letterhead 
for helpful 96-page guide in 
the selection and application 
of rheostats, resistors, tap 
switches, chokes, attenuators. 


OHMITE MANUFACTURING CO. 
4886 FLOURNOY ST. © CHICAGO 44, U. S. A. 
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Electron Tube Principles 


Concluded from page 143 


high frequencies. When it is realized that in thi 
cation field frequencies of 1 to 10 or 15 million « 
second are common, it will be apparent that even 


small capacitors such as those formed by tub: avi 


present low reactance and therefore pass large cu 

In many industrial instrument applications of 
tubes, however, high frequencies are not the ru 
importance of neutralization in amplifier circuits mir 
ished. In the case of amplifiers operating at a few 
cycles per second the capacitance of the tube is ; eligi 
ble factor since at these frequencies the capacitiv: tanec 
of the tube is so high as to prevent any apprecia feed- 
back. A proper understanding of electron-tube tio 
however, implies knowledge of neutralization and thi 
reason it has been considered in some detail her« the) 
more, it has a bearing upon the next phase of ou 
sion, screen-grid tubes, so from that standpoint ni 
tion is of interest. 

Method of Neutralizing 
The procedure involved in neutralizing an an 


simple but it should be done accurately if complete neutralj 
zation is to be attained. The first essential in the process of 
neutralization is to have some sort of sensitive ra fre 


quency indicator: a small neon bulb,* a flashlight la: 
its terminals connected to a loop of wire, or a therm 
galvanometer connected to a wire loop. 


n with 


Having such an indicator available, the first 
neutralizing is to disconnect the plate voltage from tl 
tube and to set the neutralizing capacitor at zero capae 


tance. Its cathode should be heated, however, and _ the 
excitation from the preceding stage should be fed to its 
grid circuit. Next, the radio-frequency indicator should be 
coupled to the plate tank circuit and the plate circuit tuned 
to resonance—which will be indicated by a maximum read- 
ing or indication of the radio-frequency indicator. If 
bulb is used as an indicator, merely place the meta 
in contact with the plate circuit. 

Now with the plate circuit still tuned in resona 
the indicator in action, gradually increase the capacitanc 
of the neutralizing capacitor. This will cause the 


{D RETUNE CIRCUIT TO RESONANCE 
. AS [T BECOMES DETUNED 


4D TUNE CCT. TO RESONANCE 























Ht ; 
wt. 
< W 4 
5 
AL 
iF 
A @) SET NEUTRALIZING CONDENSER 
i AT ZERO 
Fig. 85. Steps involved in @ CUT IN NEUT. COND. GRADUAL’ 
-utralizing an amplifier sa a 
neu & f © CUT IN NEUT. COND. UN RF 


IND. READS Zt 


to register less current. This process may throw thi 
circuit slightly off resonance so it may be neces: 
readjust the tuning capacitor slightly so as to bring 
to resonance. Continue to turn the neutralizing ca 
until, finally, a point is reached where no further i 
of radio-frequency current is obtained. When this } 
reached the circuit is properly neutralized. These st 
indicated in Fig. 85. 

As has been mentioned, perfect neutralization ca} 
maintained over a wide band of frequencies because gt 
inductances and stray capacitances prevent the neut! g 
current from being exactly proportional to, and exa t 


it 5 


as are used as 
for this purpose 


*A small 4%, % or 1 watt bulb such 


lamps on 110 v circuits will serve nicely 
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ccuracy where it counts is main- 

tained in all Trinity Thermocouple 
Wells. We are proud to be able to 
guarantee concentricity of bore in 
solid drilled wells up to 40” long. 


“TRINITY EQUIPMENT AND 


SUPPLY COMPANY 


136 Liberty Street _ New York, N. Y. 





R. S. GAUGE TESTER 





PORTABLE Adapted to field testing, also suitable 


for testing in laboratory and plant. 


COMPACT The Brass Weights are carried with the 


tester in a hardwood carrying case. 


DEPENDABLE Accurate results in testing are 


obtained as careful calibration with Standard Tester is 
made on each instrument. 


Catalog 26A for Scientific Instruments 


THE REFINERY SUPPLY CO. 


Main Office and Plant 
TULSA, OKLAHOMA 
—— Branch Office 


621. 4th Street Ph. 4-8144, L.D. 581 


. Ph. Fairfax 5814 


1309 Capitol Ave 


Houston, Texas 
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Put the SOLDER up to 
KESTER 


in making your Post-War Plans! 


@ The solder you'll use in your production after the war 
is one of those molehills that can grow quickly into a 
mountain—a mountain of headaches—if it isn’t right! 


@ Kester engineers and laboratory technicians stand ready 
to assist you, wherever solder enters into your post-war 
plans. They offer you 45 years of practical, specialized ex- 
perience in soldering fluxes and alloys. They know how to 
take the kinks out of production lines—how to improve the 
product and minimize service difficulties—by the proper 
application of solder. 

@ Kester Cored Solders are highest quality. They fit 
smoothly into every production program, with a wide range 
of flux and alloy combinations, strand-size and core-size. 

@ There’s no obligation in getting Kester’s ideas about the 
kind of solder to use and how to use it. Put the solder up 
to Kester, now. It may easily help you avoid costly changes 


later on. 
(( Finest 2uatit >) 
: 7 \ 


CARY 

: f | 

4216 Wrightwood Avenue, Chicago, Illinois \ 
Eastern Plant: Newark,N.J. : } 


~ 
Canadian Plant: Brantford, Ont. \ KESTER SOLDER / 


TIN ORDER AMENDED. For the present, if you re 
quire solder of more than 20% tin content, certify 
use on Kester orders; under WPB Order M-43 as 
amended November 3, 1943. Priorities Preference 
Ratings now govern only the sc heduling of deliveries 


KESTER 
Cored Sellers 


x BUY WAR BONDS x 


KESTER SOLDER COMPANY | 














STAN OARS INDUS 
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In use by WESTINGHOUSE 
to clean small Ceramic Pistons and 
Cylinders — Meticulously! 


L&R PRECISION CLEANING 
EQUIPMENT 










CLEAN: Electronic Tubes, Instruments, Meters, Gauges, Bearings, 
Jewels, Crystals, Screw Machine Products, Motor Assemblies, etc. 


Write for complete, descriptive catalog material 


L&R MANUFACTURING COMPANY 
577 ELM STREET e¢ ARLINGTON, NEW JERSEY 


CLEAN ® RINSE ® POLISH ® DRY with L&R in one complete self-contained unit 


- AGASTAT 


ELECTRO-PNEUMATIC RELAY 





COMPACT: 
4 IN. HIGH 
2. IN. DEEP 
2 IN. WIDE 


WEIGHT: 
1) POUNDS 





ey 
ELIZABETH AGA NEW JERSEY 


AMERICAN GAS ACCUMULATOR COMPANY 


si 
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of phase with the current through the grid plate ¢ tanc til 
at all frequencies. Imperfect neutralization resy]t ‘an, fl 
tain amount of regeneration but ordinarily it is , 
maintain a balance which will give stable perf; ~~ 
a radio-frequency amplifier over a range of sev; a 
cycles per second; which of course is sufficient 
ordinary purposes. 





Dead-weight Calibrating Machines |) 
if meron MACHINES for determining th enoth 
and other properties of structural materials al 
to error as is every other weighing mechanisn meet | 
the need for a convenient, accurate, and portabl of ‘ | 
determining these errors the Whittemore-Petre) pane 
ring was developed by H. L. Whittemore and th. S. N 
Petrenko of the engineering mechanics section e Nadal 
tional Bureau of Standards. The proving rings t selvectt | 
must be calibrated, and a dead-weight testing 1 o off | 
102,000 lbs. capacity was installed at the Burea 1997 
The widespread and growing use of proving 3 for 
checking testing machines in service and for ad ng the 
weighing systems of new ones has greatly ine ed the 
calls on the Bureau for calibrating these rings, 
Fifteen years’ experience in using the dead-weight ma. 








chine forms the basis of Bureau of Standards Circular 
C446, prepared by Bruce L. Wilson, Douglas R. Tate, and 
George Borkowski. In using the machine, as originally jn. 
stalled, it was found necessary to apply 8 or 10 different 
test loads to determine the relationship between the load 
and the readings of a calibration device. Although test 
loads from 2,000 to 102,000 lbs. by 10,000-lb. incrementsff | 
could be applied, the machine was found to be inadequatef! | 
for calibrating devices having capacities less than 100,000 
lbs. A new and smaller machine was therefore installed for 
test loads from 200 to 10,100 Ibs. by 100-lb. increments 
The large machine is now used for loads from 2,000 tof LU 
111,000 Ibs. by 1,000-lb. increments. 

The errors of the weights were determined after the ma 
chines had been in use for several years. The maximun 
error of any of the weights was less than 0.01%, and it is 
believed that their stability is such that the errors will not, 
under normal circumstances, exceed 0.02% for a period of 


10 to 20 years. 

Copies of C446 are obtainable from the Superintendent 
of Documents, Government Printing Office, Washington, 
D. C., at 5 cents each. 


Measuring the Degree of 


Curl of Paper 


HE tendency of paper to curl is a source of trouble 
particularly in feeding sheets through automatic ma 
chinery. Curling may result from a strain in the sheet 
acquired during manufacture, or from some maladjustment 
arising from exposure to moisture in the atmosphere, 0 
drying, which makes one part of the sheet expa1 
tract more than another part. 

Curling is promoted particularly by a differencé 
pansion or contraction of the two surfaces, resulti 
conditions of exposure, nature of the surfaces, or 4 com 
bination of both. Simple laboratory tests may aid 
ing remedial measures; a common test is to note t 
imum amount of curl resulting when a small piece 
is floated on water. A study of this test has recent 
made by Frederick T. Carson and Vernon Worth 
the National Bureau of Standards. Several mod 
of the flotation apparatus and method were devis¢ 
effort to evaluate curliness in terms of maximum < 
In Research Paper 1522 in the Feb. 1943 Journ 
search of the Bureau, data are given to show how < 
determined with the curl sizing tester agrees W 
determined by an optical method. Good correlation of cu! 
ness was found with density, expansivity, sheet shrinkagt 
during fabrication, and air permeability. 
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Kngieered by Cook 


. . . this small bellows measures only *4” in diameter 
and has the ability to accurately register oil pressure 
from 0 to 400 Ibs. p.s.i., and to return to within .0001 
inch at any given pressure after the maximum pres- 
sure has been applied. This is accomplished without 
a spring return since the bellows is inherently a true 
spring. This small bellows is particularly adaptable 
for instruments and other uses where calibration 
must be held to extremely close tolerances. 


Cook “Spring-life” Bellows’ sensitive dimensional re 
sponse to small increments of pressure is a matter 
of the degree of flexibility within the bellows units. 
Flexibility varies directly with the number of flanges, 
width of the flanges and type and thickness of metals 
used. 

Cook “Spring-life’” Bellows may be constructed of 
tinned phosphor bronze, high carbon steel, Monel, 
Inconel, copper, stainless steel or bery!}- 
lium copper, brass and any other metal 
to suit your requirements. Cook con- 
struction places no limit on the number 
of diaphragms or free length of a single 
unit. 








2716 SOUTHPORT AVENUE a CHICAGO 14, ILLINOIS 
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SHOP KINKS 


Five dollars for each Shop Kink accepted for publication. Text 





double-space on one side of paper. Drawings must be in black ‘ae 
Shop Kinks Dept., Instruments, 1117 Wolfendale St., Pittsburg! * ae 
oe 


Combination Tool for Jewel-bearings 


Screws and Lock-nuts 
By RALPH BLANKENSHIP 


nshaction of hard-to-get-at places Instrument Repairman, Public Service Co. of Ind 1, Inc. 


now made certain and accurate with the help of ERE is a special wrench, which is easy to make and 


is useful to instrument repairmen who repa rtable 


and switchboard voltmeters, ammeters and wattn 3. The 
jewels [jewels assembled in screws] in some of these in- 


struments are held in place by a round lock-nut ch has 





INDUSTRIAL TELESCOPES 


White for “Precision Instruments for 

















the Exacting Inspection of : ae | 
uh Bvoklel : Internal Surfaces.” : | : 
For prompt action and our recom- 2 : Ki 
mendations, include drawing of PY ; Ki 
part to be inspected, or preferably \: ; i 
the part itself. € 7 
+ 4 kK . 
Industrial Division : TO F Ly a | M 
‘ii 

AMERICAN CYSTOSCOPE MAKERS, Inc. Figs . co 

FREDERICK C. WAPPLER, Pres. %, a b_ x z 
1241 Lafayette Ave (Bronx) New York, U.S.A. ri / 
1 
Ms aK— Fig.2 


two slots for a special tool. The repairman must be carefu 
in replacing the jewels, so as not to get them too tight. 


D. of - = That is a hard job to do without a tool to hold this nut and 


also the jewel screw. Fig. 1 shows the finished wrench with 

"ME RIT’’ the small screwdriver, which goes in the center of the 
on : wrench to hold the jewel screw. Fig. 2 shows the wrench and 

Fig. 3 shows the screwdriver. Since I made this wrench my 
troubles are over in replacing jewel screws with this type fie 


of lock-nut. . 

































mean? 
Fine Radio Parts 
. PARTS manufactured ex- 


actly to the most precise 
specifications. 


Knurling Small Tools 


By RALPH BLANKENSHIP 
Instrument Repairman, Public Service Co. of Indiana, Ine. 


Long manufacturers of com- 
ponent radio parts, MERIT 
entered the war program as 
a complete, lbs: ener 
manufacturing unit of skilled 
radio engineers, experienced 
precision workmen and 
skilled operators with the 
most modern equipment. 


MERIT quickly established 
its ability to understand 
difficult requirements, quote 
intelligently and produce in 
quantity to the most exact- 


NSTRUMENT men sometimes want to put a knurl ona 
small tool they are making. Nowadays, tools are hard to 
get; or there may be no lathe to use a knurling tool in. 
Here is an idea which did a fair job of knurling for me 


Y, 





IPTV 
Vil, Y, 








ian egeuiustions. SSSI II DD DNL, 

PIECE Te thet ‘b 
Transformers—Coils—Re- s Gb Ku was) Safe g 
actors— Electrical Windings SI yyy» yyy} DYP>DSSUDDD)IPDPDP SVE LD) 0110.19 me 
of All Types for the Radio YU 


and Radar Trade and other 
Electronic Applications. 








I took two flat mill bastard files and placed them in be 
tween the jaws of the vise. In between the files I p 
. piece of steel to be knurled and closed the vise 
MERIT COIL & TRANSFORMER '¢ R e loosened the vise and turned the piece; and rept ike | 
311 North Desplaines St. e CHICAGO 6, ILL. I had been around the piece. If the knurl wanted is shor 
you can block up under the piece till you get the ! 
length desired. 
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KRON 


WE!'GHT CONTROL AND FORCE 
MEASUREMENT INSTRUMENTS 


Our latest— 





) KRON 

DRAW BAR 
Ind DYNAMOMETER 
to SCALE 
pa 
ttm ae 
“ Aircraft 
ut Control Cable 

Testi i 

esting OMCO has its eye on the future 





even while working to win the war. Our 
ENGINEERED APPLICATIONS 

Our engineering staff has designed literally hundreds of engineered 

applications of KRON Scales of all types for special processes and a ' 2 : - 

snusual weight control problems. religiously maintainea. 

KRON SCALES ARE BUILT IN CAPACITIES FROM 50 to 40,000 Ibs. 

KRON LEVERS are so designed that they can be adapted for prac- 


policy of progressive applied research has been 





§ tically any size or shape of platform, hopper or tank. KRON dials - \ > ibility 

i a furnished with or without tare beams on column and also We are deeply CONSCIOUS ot our responsib Ty 

with cabinet having one to seven increments of unit weights. + . fil rt nit + ott r 

) RECORDING DEVICES, PHOTO-ELECTRIC CELLS, MERCURY or O the optical le d and our Oppo u y O° - 
MAGNETIC SWITCHES, VARIABLE CAPACITANCE CONTROL, and a worthwhile contribution for the betterment of 





many other accessories and control systems can be supplied for 
engineered applications. 


, The KRON CO. 


a post-war world. 








1728 Fairfield Ave. Bridgeport 5, Connecticut New methods, new ideas, new products—born 
Offices in all principal cities of war experience—will benefit the optical field 
in the better days ahead. 

st be carefu 
m too tight. seis ' ' 
this wat aul SOMCO has the facilities, knowledge and 
oe experience to help solve your present problems 
enter of the ‘ : 
» wrench and or future plans. Our research, engineer- ie. 
Paprenigics ing and production staffs are always ya 


ith this type : 
at your service. 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL. 
PROJECTION LENSES @ CAMERA LENSES’ ® PRISMS 


ndiana, Ine. 





2 knurl ona 
are hard to OPTICAL FLATS e SOUND OPTICAL SYSTEMS 
ling tool in Jia AND LENS COATING FOR LOW REFLECTION 
ling for me 

UNIFORM MASS PRODUCTION " 

Because of ACCURATE Temperature Control ROOF PRISMS: Precision prisms with surfaces flat to one-millionth of an 
— inch and with the (90°) roof angle deviating from a true ninety degree angle 
NG 455. by a maximum of |/1800th part of a degree or within one 1|/648,000th part 

sae g' my industries involving high temperature or pH control, mass of a circle. ' 

Dita production is no obstacle to UNIFORMITY. Potentiometers, provid- 

ing AUTOMATIC control within close limits, have made this possible 


26 years “the heart” of most potentiometers has been the Eplab 
d Cell. It is a “yardstick” for translation of voltage to tem- 

perature. The first American commercial cell of its type, constantly 

by research, it is as “standard as sterling”. 

' Get ACCURATE temperature or pH 

control with potentiometers and make 

sure the standard cells are EPLAB. 


THE EPPLEY LABORATORY, IRC. 
SCIENTIFIC INSTRUMENTS 
NEWPORT, RHODE ISLAND, US A 


weed) )| |e. ~EPLAB $x% CELLS (0) 






QOE 
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Measuring Tensile Strength of 
Mechanical Assembly 


For production line testing 
or critical laboratory anal- 
ysis. Fits into “tight” spots 
or complicated setups with 
ease. 





W. C. DILLON & CO., inc. 


Relay 


New Electronic 


Concluded fron 


Method 
Page 133) 
in the blocked position. Motors of this 
kind are available market. 
For controlling temperatures by this 
method, the contacts may be operated 
by means of a conventional bimetallic 
strip. Since the operating cycle for the 
contacts requires a motion of only 
0.0001”, a high order of sensitivity can 
be obtained with the 
bimetallic strip. This sensitivity can be 
illustrated by means of the follow-up 
unit described above, altered as shown 
in Fig. 3. The manually-operated mic 
rometer is turned back out of the way 
and a contact carried on the end of a 
bimetallic strip about 2” long is inte? 
posed instead. The motor is then re- 
moved from the stand and the movable 
contact brought up manually until the 
motor just rotate in one di- 
rection. By bringing the thumb within 


on the 


even ordinary 


begins to 


one inch of this bimetallic strip, the 
temperature of the strip is changed 
sufficiently to cause the motor to re- 


verse. The temperature change in the 
bimetallic strip, in such an experiment, 
must be very Small indeed. 

Another demonstration of the sensi- 
tivity of the electronic method 
was made by means of the apparatus 
shown in Fig. 4. A lamp was connected 
in the output circuit Le and placed in- 
side a small box near a bimetallic strip 
operating the actuator. The strip was 
so arranged that if the temperature 
went down, the contact opened causing 
the lamp to glow. The response of the 


new 
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DYNAMOMETERS 


Scientific tension 
measuring indicators 
for use in testing cable, 
plastics, castings, com- 
plete assemblies and 
scores of other items. 
Used withturnbuckles, 
overhead crane, 
hoist, etc. 


ACCURATE 


Thousands in daily use 
by aircraft plants, U.S. 
Navy, 
cerns. 
reading in matter of 
seconds. Not injured by 
overload. 


Dillon Dynamometer 
measures only 81!4”x 
614"x3” 
lbs. 4 oz. Fits into prac- 
tically any mechanical 
setup 
strength must be meas- 
ured or tension 
mined 
to 20.000 lbs 
immediate delivery. 








DILLON 


air 





industrial 


Render 


con- 
correct 





COMPACT 


and weighs 8 


where tensile 

deter- 
Capacities up 
Low cost 





WRITE DEPT, “RD 4 
FOR LITERATURE D 
5410 W. HARRISON STREET Hs 


be liey \clomm) G8], fol} 





bimetallic strip was so rapid that the 
lamp would go off and on many times 
a second. Even blowing on the outside 
of the box would result in a sufficient 
change of temperature inside to cause 
the operating cycle to be altered. This 
further illustrates the extremely small 
contact travel required to cause a 
definite off-and-on operation of the 
unit connected in the output circuit. 
These experiments will show the pos 
sibilities of the method for those appli 
cations in which the operation can be 
obtained by means of the opening or 
closing of contacts. The fact that the 


1 
mn re 


contacts can operate through a hig 
sistance would make it possible to op 
erate these contacts from mercury 01 
other conducting liquid levels. An in 
teresting experiment results when 
contact is made with the surface of 
ordinary tap water. If the contact unit 
is motor-operated and so arranged that 






Sturdy, accurate, dependable, 
these Gauges have become standard 
equipment for turbine condensers or 


exhaust hoods both afloat and ashore. 


Write for Bulletin “D." It describes 


these and other “Precision Gauges 





the contact is pulled out of 

as contact is made, it wil 

film of liquid to a height 

by the surface tension of 
When the film of liquid breaks, 
motor will reverse, driving t 
back into the liquid. With ord 
water it found that a 
three hundredths of an inc 
always pulled up. The addit 
small amount of wetting ag: 
reduce this film height to a 
thirds of this value. These 
capillarity and surface tens 

be kept in mind in applic 
which contact is to be mad 
with a liquid level. Where 
would be troublesome, it ca! é 
ated by making a contact 

on the liquid rather than 
liquid surface itself. 


was 


¢ 


CONCLUSION 

The foregoing is sufficient 
that this method should fi 
plication in industrial cont 
tions. It must be pointed out 
that the extremely sharp r¢ 
result in undesirable hunt 
which may have to be overcon 
For exam] 


contacts are placed on so! 


external means. 


which has a large amount of 
is possible, under certain co! 
set up wide oscillatory moti 
restoring mechanism. 
tention to design of the ot 
should, however, make it | 
overcome such difficulties. 


Appro te “ 
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H-B helps solve 
TEMPERATURE 
CONTROL 
PROBLEMS ... 


At one time the rigid control of crystal tem- 
peratures was considered a tough problem. 
Today, broadcast transmitters in the lead- 
ing networks are equipped with H-B ther- 
& mostats, and broadcasts stay “on the beam.” 
H-B engineers stand ready to demonstrate 
| to you how time, money and effort can be 
saved by ingenious adaptations of such 
H-B products as thermostats, thermo-regu- 
lators, relays, etc. For details write for 
Blue Book 4. 
H-B INSTRUMENT COMPANY 
2525 No. Broad St., Philadelphia 32, Pa. 














Rely on H-B Instruments 


THERMOMETERS ¢ HYDROMETERS B 
THERMO-REGULATORS + RELAYS Ht 
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“THE HOUSE OF RESISTORS” 


Rheostats and potent % Builders of rugged equipment 
Mee hgtighapaths CLAROSTAT for resistors, controls and re- 


specify 


a bys 2g sistance devices as a matter of habit, They 


know through years of 


cially out in the 


snd components «are tough—electrically 


espe 
Clarostat 


and 


s. Mechan mechanically. Thus one more clause in their 


excessive servicing. 


insurance against equipment 


and 


‘more from Hays Auto- 


istatement of facts. You 


You get far 


matic Combustion Con- 
trol than just an accurate 


get a Control System 
which automatically 
makes certain that the 
lacts are what you want 
them to be. 


Vy 
1¢ 









Today Clarostat is engaged 100% in the 
war effort. The facilities of two large plants 
are concentrated exclusively on meeting the 
requirements of our armed forces. But after 
Victory is won, "The House of Resistors’ 
will reconvert back to civilian production 
with vastly increased capacity to meet the 
needs of its many business friends. 


* Submit Your Problems. . 


lf they have to do with resistance—fixed, ad 
justable, or ballast—send them along for our 
engineering collaboration. We either have stand- 
ard items in our extensive line, or we can build 
special units. Let us quote on your needs 





our boiler room may show similar vital savings. 
Ask Hays to make a survey and recommendation— 
s no obligation and it’s usually worth while in 
savings. The new Combustion Control Catalog is 


‘full of valuable data, write for it. 


MICHIGAN CITY INDIANA 








CLAROSTAT 


Celtis mi Lleai 





CLAROSTAT MFG. CO., Inc. - 285-7 N. 6th St., Brooklyn, N.Y. 


WIRE-WOUND & COMPOSITION-ELEMENT CONTROLS *% POWER 


RHEOSTATS * POWER RESISTORS * 
% GLASOHMS (Glass-Insulated Resistors) 
% BALLASTS, Etc., etc 


FLEXIBLE RESISTORS 
*% ATTENUATORS 
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STAN DARDS METALLOGRAPHY. By CreciL H. Desc physicists in the sense that t} 
th Ed. Longmans, Green & Co., New Yor! issed r found more often 





































































1 t cuss l are no . 
i 1942 Cloth, 51 81 inches, vii 10% eal than in physical jourr 
t ede fishies 
I es. 149 figures. Price 8.00. ters discuss diffusion in n 
} The first edition, published in 1910, was of gases in metals and an 
the first outstanding textbook on the sub ission of iron-carbon all 
ject, if not the first. It wa thoroughly The fourth section conta 
S d d ° i , thumbed by this reviewer nd successive (91 pages) and is writte? 
tan ar Signa editions have been studied by countless in- lurgist. It starts with an 
quirers after information on the structure cussion of the concept of 
Generators of metals, to their great benefit. The n ind proceeds from there to 
fluence of a good textbook can be wide contributions physicists } 
a spread. Despite the plethora of similar books understanding of metals. TI 
Ss vare WwW / by later 1uthors, Desch remain well up cludes brief description of the 
q ave ‘ iround the top of the list ory of metals, the band theo: 
It has always been more book for the cohesion of solids, the constit 
Generators specialist in metallography, both ferrou ind the magnetic and electr t 
ind non-ferrous, than for the engineer seek- of metals. This last section f 
bad ing metallurgical data ince it relates to well written and is invaluab i 
Vacuum Tube structure, to the principles controlling struc lurgist searching for an enti 
ture and to the technique of revealing struc- iture of physics. 
| ture with one secondary consideration of The book should be a we 
Vo tmeters the properties resulting from different to any scientific library 
i e structures, lL. R. JACKSON, Rese 
k : Considerable emphasis is placed on lab Battelle Vemorial Inst 
‘ae U. H. F. oratory instruments, tools and methods, on Ohio 
3 ‘ the precautions necessary in their use and 
° on the limitations ir rp atio of re- — TAT . oe 
Noise eters Bey in ition in interpretation cf MAINTENANCE AND SEI 
—s ee _— ELECTRICAL INSTRUMENT 
rt ESE er 10 seems Oo e 1e SAme ss ? 
bd Si metas is os “» cities SPENCER. Edited (and portior 
as the 1937 edition, with the addiiton of six . ae ny ¢ 
Pulse ses of appendix. The appendix has not M. F. BeHAr. The Instrumer 
Das I af : Co., Pittsburgh, 1944. Cloth, 
brought the contents entirely up to date, . mins ioe t 
. ae : ; xii + 256 pages, 274 illustrati 
Generator for example the 1937 discussion of electron ostpaid 
s diffraction methods and of the electron . a ; . ? 
ol Every once in a while the go thee 
° microscone could well be augmented. The , ; a a 
. favor upon a chosen few, and t 
° Knoov diamond for hardness testing is not ‘ : er o 
bese : ; favor instrument people in the \ 
oisture mentioned. The appendix brings in brief Spencer’s bool 
Spe er’s book. 
, ) € . ec polis gt 1S , : wi 
comment on el ctrolyti polishing ind on Whenever looking through a 1 
t curves, and other points minor in character. : : ¢ . 
e ers Mow tor Sag TSE dient dakatl usually determine the scope of t P 
: a “aa 5th ach si age _ : ee so naturally the same question 1 
* = = se seit eg ee : oe igi began reading ‘“‘Maintenance ! f P 
= ae deena igh seein Leong 6 ve of Electrical Instruments.” W t 
publications of English workers. Yet, before 


cover only a portion of electri 

repair work, or will it truly 

coverage which will make it t f 
worthwhile to the service men? I 

satisfaction when, as I digested 


going to other sources for a fuller discus- 
sion, it is well to read Desch, for he hits 
the high spots with clarity and logic. The 
book represents more than three decades of 


careful thought by a master, not only of I found that the book not o1 
facts, but also of presentation. ; good coverage of electrical inst nd 
H. W. Gitiett, Technical Adviser, pair work, but, in addition, giv: 
Battelle Memorial Institute, Columbus, methods and “kinks” which onh , aoe 
Ohio. the industry with years of exnerir the 


know. I can safely say that the 
repair hints in the book alor 
publication. But the author was 
to leave it alone at this becauss 
included some theory; not too « 
theory that every service man 


THE PHYSICS OF METALS. By FReED- 
ERICK SEITZ, McGraw-Hill Book Co., New 
York, 1943. Cloth, 5! x $l. inches, viii 
330 pages. Price $4.00. 

In this book the author sets for himself 







the difficult task of writing “for metal- to pe successful in his line of v 
lurgists with a limited knowledge of physics Organization of the material 3 
and physicists with a limited knowledge of uble. I like the method of takir ; 
metallurgy.”” He has done this very well ment as to principle of operat 
and has provided a book which makes an _ ¢p, theory behind it in simpl 
excellent ‘“‘Rosetta stone” for both groups Pollowing this ; snection pn} 
The book is divided into 21 chapters ee aint f 
which can be classified into four main sec- the instruments. This makes the 
tions. The first, containing the first 5 chap clearer, and affords a quicker 
ters (69 pages), is a review of background = fnding helpful suggestions and 
that should be common to both physicists standpoint of a service man w 
and metallurgists. This section contains book in his work. "“his treatment 
many fundamental definitions and concepts’ vents confusion from the reade! 
and discusses such subjects as crystal struc After studvire the content Ne 
tures as revealed by x-ray, the periodic book, I usually consider the 
chart, the fundamental thermodynamics of photographs and diagrams—b 
metals and alloys, and the elastic proper- of the best methods of teachin: v, 
ties of crystals or explaining i. subject, is t : 
The second section, consisting also of 5 medium of photographs, charts, P 
chapters (104 pages), is primarily con we may be suffering from a 
cerned with the plastic properties of metals many things under wartime condit ‘ 
This section is possibly a little longer than glad to find that Mr. Spencer's b 
might be expected from the concise presen- followed this pattern by keer ns 
tation in the first five chapters: however, graphs and illustrations to a mir 
MEASUREMENTS it reflects a vast and confusing literature basic principles of each class of 
and can be read with profit by both metal- are well illustrated; circuit dia 
lurgists and physicists. Subjects discussed hookups are adequate to give ths 
include the plastic properties of both single knowledge of connections req 
erystals and polycrystalline media, creep specific measurements; and, fo! , 
and secondary plastic effects, internal fric- time as far as I can determine t 
tion, rupture and fatigue. charts and trouble charts are pre 
Boonton, New Jersey The third section, consisting of three of these add to the attractivens f 
chapters (56 pages) is written mainly for book and, needless to say, help tl 
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nding and remembering more 
written words. 
proper index, a book becames 
worthless as a reference tool. 
ised to find over 1800 entries in 
This proved to me that someone 
considerable amount of time in 
in index which was made to 
st to try it eut, I assumed several 
repair cases, trying to put my- 
sition of a repair man who de- 
the book as a reference and 
q na very few seconds, I was able 
I . ficient references to give me all 
rmation I wanted to know and 
to my satisfaction that the index 
esigned for use and not merely 
the rules of textbook publica- 





M. F. Behar’s chapter on “Pivots 
rs’ quite interesting. Needless to 
initely adds to the attractiveness 
iulity of the book. Here again 
ition has been based upon years 
ice in the electrical instrument 

the reader can gain, within a few 

nformation on instrument repair 








. taken years and years of exneri- 
hard work to discover. This chap- 
the repair man practically every- 


suut pivots and bearings he needs 
in his line of work, and covers 
from materials used in bearings 
ts to inspection and grading of 
| bearings. 
In this chapter the part on _ vibration 
not be under-rated. In this ever-in- 
tempo of wartime conditions and 
mbat work, we are faced more and more 
with the problem of vibration and its effect 
life of the instrument. Every serv- 
e man should be familiar with vibration 
nd its effects, even if only in a small way. 
4 good portion of his work can quite possi- 
bly be the result of vibration, especially 
when the service man or repair man is in 
the Armed Forces. 

Before coming with the War Production 
Board, I had spent a number of years, in 
fact my entire career, with one of the lead- 
ing electrical instrument manufacturers of 
the country. I can say without hesitancy 
that I have never before seen so much in- 
formation on maintenance and repair of 
electrical indicating instruments in any one 
book. I wish to take this onportunity of 
ingratulating Mr, Spencer, Major Behar, 
and the Instruments Publishing Company 
for the fine job they have all done. There 
is no doubt that this book will be found in 
the hands of all instrument men, whether 
service people or not, because it is full of 
nformation that we should all know and 
é it our finger tips every hour of the day. 

—HARVEY P. ROCKWELL, JR. 
Washington, D. C. 


AN INTRODUCTION TO CONTROL 
ENGINEERING. By Ep S. SMITH. Pub- 
] by the author, 200 Edgemont Place, 
Teaneck, N. J. Paper, 8%, X 11 inches, in 
wo parts: part 1 (text) 113 sheets mimeo- 
raphed on one side, part 2 (figures) 28 
rinted pages. Price $2.00. 
paraphrase Lewis Carroll, “The time 
has come,” the author said, “to write of 
many things.” 
Having come to that conclusion, Ed Smith 
itten of many things associated with 
engineering, but in a _ regrettably 
brief manner. 
r ite of the word “Introduction” in its 
this book is by no means elementary. 
It 1 be most useful to those who have 
at become acquainted with the field 
3} { trol engineering through reading and 
t I ues practical experience. A man who 
ted his own effort to the under- 
it tar ; of dynamic phenomena which so 
i yk interfere with satisfactory con- 
it : uF n enter this book with a mighty re- 
Z I nd emerge with a method by which 
t 1 ré e reach a solution to his problem. 
1 i : : € interest of brevity the author has 
r f c 1 his thought to such an extent 
ay ag reader must already have gotten his 
ape nking “into the groove” in order to 
es Henk : nany parts of the book. The reading 
tl é in itself a problem in control—men- 


































GOLD Combats Aging 
of “COPROX” Rectifiers 
COPPER OXIDE wee 


COPPER ——>» GOLD 























In ““Coprox"’ (copper oxide) recti- Other ‘‘Coprox’’ features: 
fiers, the diminutive ‘‘pellets’’ reflect 
Bradley Laboratories’ long exper- Pre-soldered lead wires, or spec- 
ience in precise electrical applica- ial terminals, prevent overheating 
tions of metals and alloys. Standard during assembly. 

pellets” have a gold layer on the High leakage resistance but very 






front surface, forming the positive 


low forward resistance. 
contact. For critical applications, 







gold is used on both sides, pro- Standard units are sealed with 
tecting these vital components against waterproof lacquers, and units for 
aging. critical applications are potted in 





This is only one ‘‘extra’’ in the wax. 
“Coprox”” line. Other unusual fea- 
tures, listed in the adjoining column, 
also make ‘‘Coprox’’ rectifiers last Conservative ratings and un- 
longer in your equipment. usually high testing standards. 






Adaptable mountings are standard. 







Luxtron* photocells (*Trade Mark Reg. U. S. Pat. Of.) are another Bradley 
Laboratories achievement. WRITE FOR DETAILS. 












““Coprox™” BX-29.3 
Double bridge rectifier with 
current and temperature-cur- 
rent characteristics balanced 
to better than 1% over a 
range of —40°C to +70 C 
Rated up to 4.5 volts A.C., 
3 voles D.C., 5 milliamperes 
BES. 














““Coprox’’ BX-100 
Center tap, full wave rectifier. 
Completely enclosed in Bake- 
lice. Low capacitance. Rect- 
fies high frequency current 
Rated up to 4.5 volts A.C., 
3.0 voles D.C., 500 micro- 
amperes D.C. 










“Coprox”’ BX-22.5 
Single half-wave rectifier rat- 
ed up to 4.5 volts A.C., 3.0 
volts D.C., 2.5 milliamperes 
D.C. 










‘““Coprox”’ BX-29.2 
Full wave rectifier rated up 
to 4.5 volts A.C., 3.0 volts 
D.C., 5 milliamperes D.¢ 








“Coprox’’ BX-22.4 
Double half-wave * rectifier 
rated up to 4.5 volts A.C., 
3.0 volrs D.C., 2.5 milhi- 
amperes D.C. 








LABORATORIES, INC. 
82 Meadow Street, New Haven 10, Conn. 
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oe oe for WAR 


@ Precision instrument lenses and 
prisms that provide “eyes” for our 
fighting men are the chief concern of 
Univis, today. But the same skills, 
the same production facilities, the 
same background for precision 
craftsmanship can be turned to the 
production of “eyes” for peacetime 
needs—for science and industry. 


RECISION 'S “ 
_ _ UNIVIS 


...a priceless habit born of years 
of faithful adherence to precision 
standards in the manufacture of finest 
quality multifocal ophthalmic lenses. 
We invite correspondence regarding 
your post-war plans involving the 
use of precision instrument lenses 
and prisms. 





Copr. 1944, 
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AMTHOR 


TENSILE STRENGTH 


TESTERS 


for 


PAPER 
CORDAGE 
RUBBER 
LEATHER 

WIRE 
FLAT MATERIALS 






hr 








PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 


TESTING INSTRUMENT CO. INC. 
48 Van Sinderen Ave., Brooklyn, N. Y. 
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PHOTOVOLT 
ELECTRONIC TIMER 


An adjustable timing relay operating 
without clockwork or motor. 


® High speed timing, from 149 sec. up. 
®@ Immediate automatic resetting 
@ Push button and remote control 








Any number of standard units can be 
combined for 


Sequence Timing and Recycling 
in continuous operation. 
For 


Production and Process Control 
Welding, Printing, Signaling 
Laboratory Use and Life Tests 


Write for literature 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 











tal control—but no doubt less 
the one the author faced! 

The content is valuable mat: 
tive, descriptive, expository. It 
the result of long experience 
phenomenally wide reading, ar 
association with the other outst 
ers in the control fleld. It wil] 
lently as handbook material. In t 
er’s opinion, the volume woul 
termed a “Handbook of Contr 
ing.”’” A part which can be 
listinct personal contribution 
is the section on quantitativ: 
regulated systems, comprisin 
regulator in combination. By 
schematic system diagrams, tw 
text and a handily arranged tal 
binations of plant and regulate 
are analyzed and tabulated in: 
terms. All symbols have beer 
a common basis, which shows tl 
ly unlike combinations of plant 
lator may actually be parallel ir 
trol responses. 

The classification accomplis! 
table should be valuable to cont 
ers in their search for the be 
tions to accomplish certain er 
control application engineer, t 
valuable as a check list which 
to identify the theoretical naturs 
situation, and to recognize the 
nature of various control mechar 
are available. 

To management, this portion 
illustrates the degree of complic 
may be involved in any new cont 
tion. Generalizations are rarely 
in this complicated field. 

Sections on physics and r 
largely duplicate other source 
show the worker in control just 
ciples and methods can be mo 
him and where he can find the 


material. A simplified step-by-ste; 


is explained, for handling proble: 
would otherwise require the 
higher order differential equation 
out the book numerous referencs 
At the end there is a replete bibl 
In a separate 26-page booklet t 
can find schematic diagrams 
many typical situations, to save 
cocting analogies for himself. 
—W. B. HEINZ, Consulting 
Bound Brook. N. J. 


A-C CALCULATION CHARTS 


LORENZEN, John R. Rider Publis} 


New York, 1942. Cloth, 9*4 
pages. Price $7.50. 

\ means for rapid and accurate 
tion of the quantities involved 
nating-current circuits is an import 
neering aid. This book attempts t 
such a means. It consists chief 
by-now familiar capacity-induct 
tance-frequency charts and their 
mon counterparts with reactance 
by susceptance. Each of these 
ruled logarithmically in the horiz 
vertical and in two diagonal dire: 


¢ 


abscissae give frequency, the ordi! 


ictance or susceptance, and the 
inductance and capacitance. Thus 
letermines a set or quantities 
of equations 

= QrfL = (2rfC) 

orB 2rfC (27fL) 

either of which includes 

f (27(LC)*"]-1 


This type of chart, of course, is ! 


nal with the author and he give 
introduction a short history and 
phy of it besides outlining its tl 
usefulness. 

The author's contribution lies } 
in providing charts of slide-rule 
and eliminating, insofar as possible 
point errors. The first is obtained 

63,” square for a decade and 


it 
the lines on good quality glossy pa 


second is obtained by using one 


decade with the decimal points give 
scale values. Thus there is no ambi 


iny chart. 
Definition has a price, In this 


144 














Rid 


ara > 


Sere eeee 


yerr-s 
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SS dalf th, = 
— Ani. f PORTABLE 
t « fe 
ca: | WHEATSTONE BRIDGE 
itst - : 
ill 
In i 
oul 8 
ntr¢ neer 
; 
twe 8 of 
ta ‘ : 
nt : 
lant = 
7 | _ 
lis} } 
con esig 
be t 
eT fa) + 
> a 
h high grade instrument for measuring re- 
tur = stances from a fraction of an ohm to 10 
the egohms. Contains a 4-dial rheostat, ratio 
a i ial, galvanometer and battery, all enclosed 
ees a substantial walnut case. Nine coils per 
jal, Accuracy .1%. Built to endure. WE CAN SHIP THEM PROMPTLY 
on ° 
Di t. No. 1050—Portable Wheatstone Bridge i 1.0.F . ' 
: with Murray and Varley Loops. . .$110.00 1. In any quantity Maymer Syl-O-Ecte Whatever your requirements, 
* Portable Wh Brid scales are economical in small, as write us. The uniform 
y t. No. 1052—Portable eatstone Bridge , iti accuracy of Maymer scales, 
without Murray and Varley Loops .$90.00 well as large quantities. me aele, anu dead 
n 2. In unusual sizes— one order recently of shipment will please you 
ry] Bulletin Ne. 105 : ; si ’ i 
ce ER called for 300 scales 1/4’ wide 
vets OMPANY by 84" long; another for scales 
os RUBICON C 32° wide by 66" long. 
the Electrical Instrument Makers \ CORPORATION 
y-stey . e . 
calihes Ridge Ave. at 35th St. Philadelphia, Pa. 10884 BEREA RD. » CLEVELAND 2, OHIO 
e § n of 
ions ! 
bibl ipl 
let 1 
Lv ¢ ¢ 
YE 
fins nee 
. VIBRATING REED 
RTS I 
ublist I 
urate 
ved in alter- 
iportant engi- 
ts t vide 
hiefl 
lucta B & L Wide Field 
eir oy cee 
tereoscopic 
AnNice Binocular : 
S¢€ t 8 Micr cope AAW ee 
ori 
irect 
“ From Foods to Firearms 
us Alor 4 a's war production line, from its start 
J iw materials in the field, through laboratory 
k nspections, Bausch & Lomb Wide Field 
8 er Binox r Microscopes are at work. 
r juality control and processing of foods 
) k United Nations. . . in manufacture and 
ir arms for aH the forces of Freedom. They 
ar in the fleld, in laboratory and shop 
F n “ation between hand lens and 
is por Jide Field Binocular Micro- 
i: f imensional view of the object 
Blve nd > user sees it under magnifica- 
nd por 1 perception of depth and perspective PROMPT 
} ther Bausch & Lomb instruments de- 
- . etime needs of education, research and DELIVERI ES! 
the B&L Wide Field Binocular Micro- 
a4 4 America’s wartime needs . taking a 
al — e actual instruments of war which B&L 
ible ‘ause of its wartime accomplishments Three stock models- 5, 7 and 10 reed...available 
ee abba tea: Gate tees contiaat ; sae ae Writ r com 
ee dq : a : je Boog HA 2. = — in wide range of frequencies and all standard line ina ” i a pene: 
and ape : ss to iginies : voltages; operates correctly in any position. No ave on vantity Prices, 
y pa . wd cg vec por one ala pivots, jewels, or rotating parts. . . simple con- and learn the exceptionally 
ze he +a nieces ts eimamaatle struction assures exceptional accuracy. Built to favorable delivery available 
give _ 2 
ymbi 5AUSCH & LOMB highest Government standards 
© “LL CO. © ROCHESTER, NEW YORK WIRSHING MANUFACTURING COMPANY 
nis 43 Established 1853 3234 Mines Avenueslos Angeles 23, California 
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harts, 72 giving reactance 


Adie. OPTICAL PYROMETER sak senae Mor jee der 


1ddition a master chart for ¢ 


) Poinog ed rey Y 

ELIMINATE WASTE and ope tN,“ 

GUESSWORK! ine on the sum of th 
at 


ae es. 


Each chart besides the |! 

By using PYRO, a carries i reactance-suscept 

MAGNETS self-contained DI- strip like the C and CI scal 
= eb Rog wa e ule and a square-square root 

stand rough use. It {1 and D scales of a slide 1 
is absolutely accu- ; used in getting complex imp: 
rate and dependable, resistances and reactances ar: 
and quickly pays for / \ rear of the book are a chart 
itself. he ratio of X to Ror Bto ( 


ctangents in degrees for 1 





Unique construction , © 
enables operator to 0.1 to 1000 for phase angk 
rapidly determine The value of the book depe 
temperature even on : iny tool, on the quantity of 
minute spots, fast eae — done with it and its superiorit 


moving objects, or — tools. The slide rule and ar 
smallest stream; no , 


; for the decima oi 7 ‘ 
correction charts, no : to aS aan 1 point with a 
accessories, no main- ae chart for precision are alternat 


tenance expense. Spe- wee of two colors, red and green, fi 
s\n ee than Electro- cial “FOUN DR Y — imposed log-log scales aids spe: 
cl TYPE” and “Univer- ; cision, making the book cons 
B Magnets for arta gee re gr to use than the slide rule Al 
iave, in addition to - ' 
standard calibrated tion of the decimal point is 
range, a red correc- over a two-chart system, I 
tion scale determin- 2 essive skipping from chart t 
3 ing TRUE SPOUT : required. 
and POURING TEM- ’ ¥ Tr y o theanda ] 
wi . ++ Units PERATURES of chan paigne Rag anger if 
Ww molten iron and steel ee ne eee ee ee eee 


when measured in 
the open 


on the charts 


4EY, Engineerin 
Stock ranges 1400° F. to 5000° F. , Westinghouse El 


Meeting the Write for Catalog No. 80 
Rigid Requirements of THE PYROMETER INSTRUMENT CO. 


Plant & Lab. 


Sperry-Made Products 103-107 LAFAYETTE ST., NEW YORK, N. Y. Maintenance and Servicing 


of Electrical Instruments 
When lives and equipment depend (Appeared serially in Instruments {rom 
upon precision instruments,  ''satis- PE TP 2 ae: TR 
factory performance" is not good By JAMES SPENCER 

In charge of Instrument and 
enough for The Sperry Gyroscope 


Relay Department, Meter Division 
. . ‘estinghouse Elec. & Mfg. Co., Newarla N 
Company. Perfection is demanded Westinghouse Elec. & Mfg. Co., wark, N.J 


...and, in Cinaudagraph Permanent THERMOMETERS M. FE. BEH Pgs - 
Magnets, perfection is obtained. We * > a 

are meeting every rigid specification ©) 9) REPRINTS AVAILABLE 
and a heavy production schedule— t value t 
the reason, perhaps, why we are one 

of the larger suppliers of permanent No. A12402% No. M81110 No. M82115 
magnets for Sperry. cnet _ ne 














This reprint should be of gr 





Our extensive experience and man- 
ufacturing facilities can also help you 
solve your magnet problem. 


TEMPERATURE CONTROLLERS 


No. V85002 No. M87000 
Air-Operated Air-Operated 
Operating Non-Indicating Type Recording 








Durable fabrikoid binding, xii 2 
PRESSURE GAUGES 5 & 81% inches, 274 illustrati 
Price $2.00 postpaid. 
CHECK, MONEY ORDER 
MUST ACCOMPANY O 


| 
| 
BABVBeeBeeeeee eee eee BeesB*™! AQ 


p ; Instruments, 


Stee! Case fron Case Hydraulic Enclosed is $ 


CORPORATION Write for Catalog 101-G “MAIN Uh Ro 


LECTRICAL INST RI 
H.O.TRERICE Co. 
STAMFORD, CONNECTICUT Monvufacturers of Temperature Instruments 


1420 W. LAFAYETTE BLVD. 
DETROIT 16, MICHIGAN 
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Servicing 
truments 


fruments trom 
ne 1943 


YCER 
nent and 


er Divisi yn, 
9.5 Newark N.J. 


ustrati 


aid. 


v JONES’ Logie, as 
MMERSION-Prop, 


4OLDS No tupent FO® | og 
S; gn 
ae TRANSE 


Typifying the broad advances pos- 
sible through close collaboration 
hetween the Army, Navy and 
N-Y-T engineers, this unit con-_ 
forms to the most exacting i a 
ments of modern military .0qiap- ee 
ment, 
Embodying the very latest in de- 
sign, its proportions have Been 
engineered to permit maximeonr 
performance, while utilizing only a 
minimum of space. 
The immersion-proof case has been 
_ tustom-built to do a sped job,» 
further illustrating the policy of tag 
¥-T Semple Department aa 
g Individual mnechonicet 4 





NEW YORK TRANSFORMER COMPANY 


26°28 WAVERLY PLACE,NEW YORK,N.Y. 


NEW NO. 85 
SHUTTER TYPE ASSEMBLY 


A LOCKING SLIP- FIT BEZEL is one of the big features of this new and be’ter 
AKE Shutter Type Assembly. It permits instant lamp replacement from front of panel, 
Other improvements are complete, uniform illumination over entire surface 

ind complete blackout with a quarter (90°) turn to right. Three fibre washers 
compensate for varying panel thicknesses. This patented Drake Assem- 

bly is only one of the many standard and special types we make. As 

the world’s largest exclusive manufacturer, quick deliveries in any 

quantities are assured. Is our latest catalog where you can reach it 


instantly 


PILOT LIGHT ASSEMBLIES 


AKE MANUFACTURING CO. 


U.S.A. 


23 


174.3 WEST HUBBARD ST., CHICAGO 22, 


This CLARE Relay 
Can Take the Place 


Clare Type C d.c. Relay 


@This rugged multiple-contact relay 
permits innumerable contact arrange- 
ments. Permits designing to small 
size, with a lesser number of relays; 
and facilitates maintenance. Adapted 
for use in electronic control devices 
and for sequence control and inter- 
locking operations. Ideal where un- 
usual arrangements of relay control 
are desired. Here are the reasons why: 
1. Contact springs 

employing any of the 

forms illustrated can be 

furnished, 


wnnen, 


yovenaanenne 


2. Spring pile-up in- 
sulators of heat treated 
Bakelite which permit 
punching without 
cracks, have minimum 
cold flow and low 
moisture absorption 
content. Assembly 
locked together under 
hydraulic pressure 
Withstands heavy 
breakdown tests. 


é sizes of con 
ts can ‘be furnished 
cts are ¢ iH 
ed to n ckel s 
zeS range 
” silver, rated 
, 50 watts, 
tungsten 
rated four amperes, 50 


4. Spring bushing in- 
sulators are Bakelite 

rod made by a patent 
process. Strong, é 
long wearing. Esser 

where heavy 

pressures 

where vi 

or heavy duty service 

sag j 

is desired. 5. Armature assembly 
single or double arm 


Has ~s5 steel shaft, 


CLARE RELAYS 


“CUSTOM-BUILT” Multiple Contact Relays 
for Electrical, Electronic and industrial Use 
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The Month’s NE 
INSTRUMEN 


Sewice ——s Pressure Pulsation Temperature Warning Signal 
Amplitude Meter New “Telatemp” is a vis 


nal system which intermitter 
; when temperature starts t 
measuring the differential pulsation ampli- stantly flashes red abovs 
tuds across an orince meter located neat 1 
source of pulsations, Ampli- 









New “Pulsameter” is an instrument for 





Boiler Meters 
Reduce fuel 
costs, lessen 






is available for any ten 





































































maintenance tude of pulsations depends sr 
and outage, low- on local conditions numbe1 F = 
erstandby costs, ann mom Of COMpPressors, PAp- Bere 
: ing layout, etc. Special tests a 
and add capac- iit: anier the mene aed 
ity. They indi- vision of joint A.G.A.-A.S | } me ea 
cate, record and M.E. Orifice Meter Committee | Meron? | 
integrate Steam have established maximun rateMo S767 795 SIM oe 
Flow from the limits of differential pulsa- MORAAL ; 
boiler. record tion amplitude (as measured - 
Air Flow sup- by the “Pulsame ter’) y ~. | 
. : Bailey Boiler Meter versus meter differential - a i 
plied for com- 2 under which accurate ae Gees | } 
bustion and record Flue Gas Temperature. measurements may be ob- wees : 
tained “Pulsameter” is i | 
Multi-Pointer Gages for indicating connected to the orifice meter a } I 
drafts, pressures, differentials are available piping and by means of a i ee 
with any number of pointers from one to tension spring adjustment and ~ 
twelve. They are actuated by sturdy yet \ = ean yr acing ns Cee 
sensitive diaphragm units. i tained. From this maximum 
differential pulsation ampli- from 16°F, to 500°F. for us: 
tude and the recorded differential reading tone or other liquids or gases 
on the orifice meter, it can be determined sists of an immersion-type mer t 
whether or not accurate measurement may stat connected to a red and a n signa 
be obtained under the pulsation condition Green is “on” while the temperature is j 
existing in the orifice meter installation normal zone; red signal ligt ntermi 
The Refinery Supply Co., 621 Fast 4th St tently when temperature ris nor 
Tulsa 8, Okla mal zone. Duration and freque f “or 
periods of red light indicate rat t wi 
temperature rises; at dang 
r light remains on continuousl) g ap 
Telephone Type Relays plications cylinder-head co: t, engin 
New “Model TSU” for bottom mounting lubricant, ete. Various stand pipe-si 
(illustrated) is one of smaller units in a connections are available Va Hea 
new line of telephone type relays. Though ing Co., Inc., Railway Excha 


designed for crystal switching, it is suit- Illinois. 
able for various h-f. plate circuit and gen- 


Multi-Pointer Gage 





Flow Meters. For indicating, record- 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. . 


Granular Material Meters 
For accurately measuring 
the flow of coal or othe: 


Aircraft Fire Detectors 
New “Continuous Type” (illustrat 
“Unit Type” fire detectors for 
ire announced. Continuous ty} 
copper-plated 7/32” fusible 
taining inorganic insulating 





granular materials in 7 
gravity chutes from over- . & 
head bunkers. The total a 
quantity of granular ma- 
terial is shown on a large 
illuminated counter which support a conductor-wire. Mini er 
may be easily read at a radius, 114”; max. length, 
distance of 50 feet. causes tin alloy to melt (m.p 
ing spaces between adjacent be H 
ri¢ e cir t etTwee conduc 
Coal Meter Contr ol Systems comes: 9 d per 4 to ee | 
Make possible the every- te. Abher clatiin.““A) Raina niawn % 
day operation of equipment for steam from an ordinary back-firé r 
generation and utilization at test efficien- eral utility applications. Contact arrang‘ s said to have been thoroug! 
cies. They are applied to the control of —§ ™ents can be supplied normally open, nor- ircraft mfrs. and gov't ag 
combustion, feed water, superheat, de- | ™#!ly closed, s-p.d-t. or in any two con Type” consists of “Thermoswit 
binations. Contacts will carry 2 amps at struments, July 1938, page 17¢t 


superheat and other factors. 





24 volts d.c. and 115 volts a.c. non-induc p 382; April 1941, page 87 

Complete Information on any of the above Bailey tive load Coil resistances ure ivailable page 377) in which expanding 
products will be gladly furnished upon request. from a fraction of an ohm to 5,000 ohms rates two silver contacts. Cont 
G-14 New relays will withstand vibrations up t irranged either to open or to 





10 G and meet all standard salt spray and on temperature increase. Tl 
FN Oe MP BO PSE tumidity specications. “Model TSL" “for withstand repeated temperatur 





end mounting is similar to “TSU” and both without damage or change in , 
e COMPANY * are available with ceramic or Bakelite in- tion point, may be used in conj as 
sulation. Overall dimensions 144” long, %,” Continuous type for isolated s} nabs 
deep and 114” high. (Height includes maxi- approx. 3 oz. (depends on type ait 


1041] Ivanhoe Rd., Cleveland, Ohio mum number of contact arrangements.) tion point, 350°F:; response ti 


= 


Weight 144 0z.—Dept. T., Allied Control Co., seconds with 2000°F. flame.- 
BAILEY METER COMPANY LTD.. MONTREAL Inc., 2 East End Ave., New York 21, N. ¥ 6 Pleasant St., Ashland, Mass 
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Porcelain Frame 
Thermometer 


New thermometer, designed 
r use chiefly in the _ petro- 
ileum field to determine tem- 
peratures of liquids in tank 
irs and other containers, has 

frame made of porcelain. 
Number of parts has been re- 
iueed from fourteen to four; 
increased from 4 





ind weight 


SA Le Ps, PGE © eo 































to 1 Ib. Greater weight 
gnal ermits thermometer to sink 
or freely in viscous liquids. 
= I Frame, handle and cup are all 
— in one piece. Tube is attached 
; to frame with two Monel metal 
} a bands. Units are available now 
oat n temperature range of 0 to 
160°F. with a red-liquid-filled 
tube graduated in single de- 
ae grees, but other ranges can be 
‘ ide up, to a top limit of 
; a TOO°F., on even higher if 
: 1 a if necessary. H-B Instrument 
ai i Co... 2502 North Broad _ St., 
WM Ske: 5 Philade Iphia 32, Pa 
“2 t 
» Oil Type 
— “pf 
| | Capacitors 
| 4 New “EC” oil type 
f i “Capacitrons” ire de- 
=, signed as standard com- 
¢ ponents to replace many 
< ; e spec ials used in produc- 
rae J P tion of war equipment, 
ire manufactured in sev- 
us , eral capacity ranges with 
‘ses , d-c. working voltage 
mer heed 4 ® # ratings from 600 to 1,500 
d a ereen sien : ; to meet U. S._ Signal 
em] % 7 \ Corps and Navy Specifi- 
ligt am cations. Units are locked 
risé e on chassis by means of a 
reque! solid nut and lockwasher 
te 1 through a single hole to 
nec clear the 4%” X 16 thread- 
sty ed Bakelite neck. This 
co neck is lock-spun into the 
and , extruded, insulated metal 
Va) container, making possible 
a a 100% hermetic seal 


Dimensions of 3-mfd and 
{-mfd, size units are 1%” 
diameter xX 41%” height. 
—Capacitrons, Inc., 318 
West Schiller St., Chicago 
10, Illinois. 





Electrical Servomotors for 
Aircraft Control Systems 


\nnouncement is made of development of 
series of aircraft servomotors for appli- 
ation where positive straight-line or ro- 
ary tion with or against opposition is 
quired. It is said that, in conjunction with 
Autos transmitters and amplifiers, all in- 
ted, control systems can be de- 

specific applications to provide 





on jut 
sp Welk 
type 
th 
_— , 


LSs 








“FRAHM” VIBRATING-REED 
TACHOMETERS... 


Operate on the same unique prin- 
ciple as Frahm Frequency Meters 
except that reed vibration is pro- 
duced by direct mechanical con- 
tact instead of electrically. Avail- 
able in stationary and portable 
types... for use on turbines, gen- 
erators, motors, blowers, centrifu- 
gal pumps, Diesel-electric instal- 
lations, etc. Various ranges from 
900 to 30,000 r.p.m, Write for 
Bulletin 1590-I, 


JAMES G. BIDDLE CO. - 



































One job we were recently asked to perform 
was a tough one; namely, to design and build 
a special wide range portable frequency meter 
that would indicate from 110 to 430 cycles per 
second. Furthermore, it was required that 
simultaneous readings be obtainable at 2 or 
more points on the scale... . The instrument 
shown above is the successful answer to this 


unusual problem. 


MORAL: On Vibrating-Reed instruments, al- 
ways look for the name ““FRAHM” as a mark of 


leadership as well as excellence. 


Frahm Vibrating-Reed Frequency Meters have 
long enjoyed wide acceptance. The principles 
on which they operate are so simple and their 
construction is so rugged that accuracy and 
long life are assured. Standard types, both 
portable and switchboard, are made in various 
ranges from 15 to as high as 500 cycles per 
second, with higher ranges under develop- 
ment. Write for Bulletin 1695-I. 


1211-13 ARCH STREET 
PHILADELPHIA 7, PA. 


March 
























































remote automatic and cod; 
of aircraft main engines, e] 
ind aileron control surfaces 


positive remote adjustment 
TESTING PROBLEMS flight functions is said t 
Several motors have been ad, 
vide for (1) straight-line n 
tary motion, (3) continuou 
SOLVED BY It is said that the use of t] 
trol systems provide a 
weight clean installation e] : Z 


chanical and hydraulic lir 

complicated switching, spe 

tentiometers or motor brushe 
sumption is said to be com; cll 
Recently, an electronic instrument manufacturer found in Amer- ~ ype Ringing en 5 ink 
i.e) 1S ore e Oo ) Snik t 


ican Coils Company’s standard equipment, his answer to a par- rm travel 90°; power input 
2 tinuous (30 watts under! 
ticularly difficult test run aes: eulekt BU tha-ieen 
tion, Dept. SS1, Eclipse-Pion: 
dix Aviation Corp., Teterbo 





Shock-proof Rela | 
New “Type 17 AXX” rel 
for rough and tumble airpla se wl 
the utmost precaution mi 
igainst unintentional operati 
is said to meet and exces 
requirements for this type 
tests show that it will withst 
ation tests of better than 90 G 
ten times the G-rating of ordi 
Despite its exceptionally rug 
tion, new relay is described 
size and light in weight. Unit 
ire regularly supplied with 
iny direct current, or with 
} 




















use on 12- or 24-volts 


Inc., 1321 Arch St., Philads Ip] 











Remote-control Circuit Breaker 
New “Klixon D-7229, D-723 i 
remote-control circuit breaker 
cially designed for aircraft ar 
plications, as well as other equi, {4 


























i I ind cont l : 
? ] ] ] Tl S b 7 
t it peratior nad <« 7 
nt panel. Unit i ‘ 
b to precision tolerar t 
{ l i t 11 f rat I c 
nd will ultimately t £ 
( rer in I mt . 
7°R.) Actuating = elk 7q 
b ker is snap-acting Sper a 
i \ sitin I ke I as 
} naffected b mo t 
k e untered in airé ll 

ent. Breaker can _ be 

or non-trip-free operat 

ngement, breaker is fret 

ective of maintenance 

1 position. In non-triy 

nt, operator can ove! 
breaker-relay from cont : 
‘ t ntrol circuit bre § 
I I three frame s > 
tings fror 5 to 200 imy t 
INGTON STREET - NEWARK, N. J. B roe uits up to and including 3 9 
ere, 0 volts a. Spencer The t 

Forest St {ftlel Wass 
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wes erature-time Schedule 

ces Controllers 

‘nw x > instruments to provide heat- 

. ; program is announced. Named 

apts controllers are built around 
o  temperature-measuring and 

sap nstruments employing an elec- 

. . of effecting temperature con- 
el pee * 

lin} 

She 

ny a 

ra re a. 

ft he 

pu 

rlo: 

hi 

io? 

bo 

Rela 

rela o 

rpla g wh 

mu rn 

atior nt 

eed S 
of 

nth 

90 ¢ 

ordi . said that absence of mechanical 

rug vetween measuring and control sec- 

bed es possible instant response of in- 

Tnit control unit to changes in tem- 

h s¢ s fom it its primary element. Frequency 

h shunt coils taf oscillating current flowing between pick- 
ST? Ip coi (mounted on temperature setting 

elphia, P ever) is changed when the position of a 

: flag (mounted on pointer or pen- 


PR brm ) hanged with respect to the coils 
cuit Breaker y a temperature rise or drop. This fre- 








(230 iD Muency change governs the output current of 
iker ¥ n tube commanding fuel valves or 
and bile anilwitchs Chronotrols” thus provide com- 
r equi nt, f et itomatic temperature regulation, 

art from the program of temperature 

ner lesired for a given application. De- 
perature cycle is cut on a disk. 

Rotation of disk by a synchronous motor 
perature setting lever of control 

anstrument ‘Chronotrols”’ are offered in 25 
neluding ten for proportioning con- 

nd others for two-position on-off and 

ition on-intermediate-off’ control 

ind low-temperature applications 

j el eter models are available in record- 
f vel is indicating types. Wheelco 






inten “eres Shallcross INSTRUMENTS for 
Snap-action Sensitive Relay for 


Use on Slowly-varying Coil ELECTRICAL MEASUREMENTS 








Currents 
XAX" relay is designed for 
t lectronic circuit apy lic itior Ayrton Universal Shunts Whether for laboratory, school, pro- 
C highly sensitive unit havins Standard-, Secondary-, and : . 
‘ ntacts. Contact pressure of Multi-Resistance Standards  Guction, or maintenance use, Shallcross 
: phe —— nt des} ite siphathds Decade Potentiometers ‘ : A 
n the coil current in which it is Prabang conics offers an extensive line of electrical 
7 ce ule 4 Be pea ecade Resistance Boxes 
4 tain point, the contacts operate Megohmmeters measuring apparatus, fully tested and 
wit snap action. New relay ope Percent Limit Bridges 
is 10 milliwatts in its coil Whsetitese Beddow proved through years of use under all 
x ended for dozens of highly y . ais “e 
s heli: menticaticnn on wall Kelvin-Wheatstone Bridges = Conditions and in all parts of the world. 
b ‘ peace ak. dalee salmaaa Low-Resistance Test Sets 
! } t fiel f fed fulness is sa High-Voltage ; 
ce t “+ Scene opie ngglaceseeat hans Measuring Apparatus WRITE FOR CATALOG—or describe your re- 
I ¥ ious limits, rather thar Special Telephone and . F 
‘ s Hggrestiel gecnn ee pring * Vdlegueh latlaetate quirements and our engineers will gladly 
7 24 Arch St., Philadelphia, Pa . +. and many others make specific recommendations. 
Variable Air Capacitors 
| or Electronic Heating 
si to be wminenthy te fo HALLCROSS MFG. CO 
€ ting upplic ine pe pe bd Ad 
re 4 entional design said to offer ENGINEERING - DESIGNING + MANUFACTURING 
ses for heavy-duty applica- 
t cos e s . 
mn 4 include perfect electrical Dept. 18-34 Collingdale, Pa. 
Bs ' retry and built-in neutraliza- > 
1 with “extreme mechanical 
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durability.”” Construction is 
itself to built-in mounting of 
ductors in such a way that lead 
resulting lead inductance ars 
New capacitors are availabk 
iny required capacity” for els 
ing use un to 5 kw., 12.500 

& Williamson, 235 Fairfield 
Darby, Pa. 


j 


Instrument Washing M 
New model of “Naxon Port 

Washer” is a_ refined versior 

illustrated and fully described 


ines 




















Where are the radios pears 


“Model C-742-B” with thermost 
trolled heating elements. Manuf 
e i] rd stress on fact that user of 1 
in ani ai use any cleaning liquid found 
ible for particular parts being } 
cleaning cycle Naxon Utilities 
Walnut St., Chicago, Il. 


The Invader today first destroys or home, is enormous. And so is the part : 

‘ Ae : ee i Air Regulator 
controls this bond between the wills of the radio servicemen who, handi- ss lls aie ik aa 
of conquered peoples. capped by unreplaced equipment and | improvements to meet critical 

q peo} d 

: a - aaa oe een ee ’ U. S. Navy. Regulator now is avy 
For of all war weapons, radio 1S increased demands, keep America $59 installation on air tanks, air line 
one of the most important. It unites million receivers functioning. Mary | ment and machinery calling fo 

. f 7 hey de Test accurate, dependable control ; 

the free peoples in a common purpose of these are aidec y Jac son LeSt- ment of air. Working pressures 
and links them instantaneously with ing Instruments, which have proved = 140 Ibs. can be Reng fro 
. : 4 / ‘ ‘ ine or storage tank with initial 
their Governments .. . it maintains through unceasing use, the worth of up to 250 Ibs. Pressure is maint 

the power to resist of the conquered Jackson “Integrity of Design.” formly, once reduced pressure 

‘ ; : ¢ Simple mechanism is said to 

... it unites and aims the hammer- ble-free long-life operation, is un 
. ; =e y Y y oils and water. Cost is said to be 
blows of a one-third to one-fifth the usual co 

Its part in warfare, even here at Buy War Bonds and Stamps ulators,”’ W. R. Brown Corp., 


mitage Ave., Chicago 39, Ill, 





High-intensity Illuminator for 
Industrial X-ray Films 


New high-intensity illuminator 
ing industrial X-ray films pr 
times illumination heretofore av 





Busy as we are with war work, we still con- 
sider the maintenance of equipment bearing 
the Jackson trade-mark as a Jackson responsi- 


bility. Any instruments needing calibration, cilitates observation of film deta 
checking, parts replacements, etc., will be missed when weaker light 
serviced and returned to you as promptly as used, permits Singer-tip adjust 


desired brightness for films of ere! ¥ 
density, or for different parts of 
film. Intensity is due to use of “I 
i lamps which, because of their he 


Model 652 Audio Oscillator curl and damage films, and 
use, prolongs lamp life and east 


— illuminator, had not manufactur 

(es) 
OL. f observer. A — fe T , 
7 Oo a. 40 ad e illuminator is an ultra-high-inter : 
Kine Elechiical Sesting Srstroments 2” in diameter, giving four ti! 2 


glass front of a conventional! 
ness of large section. Glass front : 
water-cooled, with light from | 


possible under wartime conditions. 











a 


built-in fan to blow air betweer 
snecial heat-resistine e@lass ar 

flashed opal glass front. Foot-sw 
trol causes lamps to be “on” onl 





¢ 


SS 


L 


illuminator, had not manufactur 
through four inches of water 


neers worked out cooling syster 
SACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO Koett Mfa. C 


, Covinaton, Ky 
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table Tensile Tester 
1 is announced of portable 
(see Instruments, Dec. 1942, 
8 for full description of origi- 
leat. For majority of tensile, com- 
; erse or shearing tests, it is 
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| 
¥ Machines 
ort 4 
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ed ; 
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tilat 
oOstat 
nut 
n ew model will obtain required 
nd 1 simply and economically than 
ne 4 ter of comparable capacity. Al- 
1ES ts at 0-250 lbs. and has seven 
and interchangeable  indica- 
0-10,000 Ibs., it is light in weight 
ind 25” tall. New holder-design, 
or V wedge serrated grips, per- 
ar 4 specimen insertions and removal. 
il st hand-driven, tester can be readily 
S ay ind can be had with a metal 
r lir with specimen space and roon 
for ext for motorizing.—W. C. Dillon 
lo oar ,10 West Harrison, Chicago 44, 
res 
fr¢ 
litia . . ° e 
cafes tereoscopic Celestial Navigation 
“ Slides for Three-dimensional 
( a 
3 un Effect 
O be I roid Vectographs” are three-dimen- 
al ¢ ct pictures which make it possi- 
Ds, ject lantern slides of celestial 


n full three-dimensional relief, 
impression of precise wire 
pended in air in front of the 
realistic and vivid are these pi 
said, that the student can grasp 
hips instantly. For individual 


nator for 
Films 

ator 

seit 

ay 

letail 

Si I wer 


stme 


of the sm ea 














OUR AIR EXPRESS shipments ought 10 be handled like hot potatoes, 
} not “parked” on the floor awaiting a “routine” afternoon pick-up. 
Pack early, phone immediately, and avoid end-of-the-day congestion 


when Airline traffic is at its peak. That’s the way to get fastest 









delivery by AiR ExPREsS. You're paying for speed...GET ALL 
you CAN! It’s easy, SHIP WHEN READY! 

And to cut costs \IR EXPRESS shipments should be 
packed compactly but secure ly, to obtain the best ratio 


of size to weight. 





A Money-Saving, 
High-Speed Tool For 
Every Business 


As a result of increased efficiency developed to meet wartime demands, rates 
have recently been reduced. Shippers nationwide are now saving an average 
of more than 10° on Air Express charges. And Air Express schedules are based 
on ‘hours’ ’.notdaysand weeks — with 3-mile-a-minute service direct to hundreds 
of U.S. cities and scores of foreign countries. 

WRITE TODAY for “Vision Unlimited’ —an informative booklet that will 
stimulate the thinking of every executive. Dept. PR-3, Railway Express Agen: y 


230 Park Avenue, New York 17, N. Y. 


5 





a 
Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
Representing the AIRLINES of the United States 
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THE LONG-LIFE PIVOT 


Permopivots are tipped with Permometal , a highly de- 


veloped precious metal alloy ... the product of Permo’s own 
metallurgical laboratory. The unique qualities of Permo- 
metal make it ideal for tipping precision pivots. It has an 
extremely low coefficient of friction, eliminating the need of 
oil... it is non-corrosive and non-abrasive. Actual tests 
definitely prove Permopivots keep precision instruments 


accurate longer. 


PERMO, Incorporated METALLURGISTS 


6423 RAVENSWOOD AVENUE «+ CHICAGO 26, ILLINOIS 


Write today for complete details 





study, a selection of diagrams is also avail- paring three-dimensional projection § slides 
able in book form, presenting hand-held of the heavens is similar to the geometry 
vectographs, viewed as simply and easily instruction technique developed by Profes 
as ordinary pictures. Explanatory text ac- sor Rule in 1934, when he utilized three 
companies each diagram. Owing to impossi dimensional projected pictures for teaching 
bility of bringing out three-dimensional ef- geometry A three-dimensional vectograph 
fect on the ordinary printed page viewed can be viewed even by a large group of 
without a pair of polarizing spectacles, the people simultaneously. For example, a navi 
illustration herewith shows neither _ the gation instructor can now project a vecto 
slides for classroom use nor the diagrams graph slide of the Zenith of Greenwich on 
for individual study, but it shows M.I.T 1 screen and know that even those in the 
Professor John T. Rule examining a globe back row of the classroom can actually see 
which serves as a photographic model for its precise position in the universe The 
three-dimensional pictures which he uses vectograph process is the invention of Fad 
in new technique. An instructor walking win H. Land and Joseph Mahler. A three 
into the beam of a three-dimensional vecto- dimensional vectograph is a specially 
graph of this globe projected on a screen treated plastic sheet. On it, two pictures 
appears actually to be walking into the occupy the same space at the same time 
center of the earth itself. Any standard Polarizing three-dimensional viewers un- 
projector may be used, and no special equip- scramble the superimposed pictures to re 
ment is needed other than an aluminum- create the normal condition of effortless 
surfaced screen and inexpensive Polaroid  three-dimensional seeing Polaroid Corp., 
viewing spectacles. The technique of pre- 211 Mass. Ave., Cambridge $9, Mass 


Page 176—Instruments—V ol. 17 


Porcelain-clad Capac 


New solder-sealed porcelain-< 
Inerteen Capacitors” are fo; 
d-c. applications where spacs 
From 7,500 volts up to and 
200,000-volt class, capicator 
hermetically-sealed in a _ tub 


.3 


cess porcelain body with sold 
closures. End closures act as 

minal by connecting element k 

site ends, utilizing the porcel be 
insulation. Elimination of larg: 

and bushings required by meta 

citors minimizes overall dimen 

types are furnished with or 
mounting flanges. Where castir 
capacitors are solder-sealed, tt tir 
are cemented on with minera 
pound Dept YN-20, Westing} 

Mfo. Co., East Pittsburgh, Penn 


Quarter-million-volt Capacitor 
New 0.02-mfd. 250,00 

volt unit consists of 

pregnated 

housed in a wet 

porcelain tube and f 


End caps 

house solder 
which act | 
mounting ar 


and terminal Unit 
built for tot b 
sion for salt wate 


operation und 
condition. Voltage r 
ings range 7 
volts to a quarter 


units and can be 


ation up to several ! 
lion volts Indus 
Specialty Co., 1725 W 
North Avenue, Chi 
P2, Til. 





Multi-pin Plugs 


New “CML Production Plus 
long and 114” in diameter, so that han 


will project above average transfor 
capacitor, making it readily cessit 
Plugs are made with a heavy bal 


ind are fitted with a wooder andie 
permit ready removal from sock 





Oe Ramee NE 





million volts in_ singl 


nected in series for oper 





with a liquid dielectriq 











irdened steel, may be replaced | ) 
, or broken. In both octal and i} ° e ° 
center key extends through in 1é rumounl twué td 
- o < 


threaded rod to permit cable to 

i firmly in position without strain 

nnections, A flat head machine 

es same purpose in other plugs. 

to octal and loktal types, plugs 

le in 4-, 5-, 6- and 7-pin models, 

medium.—Communication Mea- 

ou Laboratory, 116 Greenwich St., 
V City. 


Left— 
Stewart Warner 
instrument panel 
incorporating Tri 
“Pour-in-one” Dynamotor 
namotor, instead of having one or 
tw it voltages, provides four closely 
i voltages, +1414, -150, +300, and 
0) or 450. It requires four sepa- 
F nutators, so that problem of taking 
ynr ns to outer commutators through 
nneé imutators had to be solved. Ordi- 
itput voltage of a dynamotor bears 
elation to supply voltage. In this 
sé wever, all output voltages are held 
onstant for all normal! input-voltage vari- 
itions. This is accomplished by means of a 
’ field which weakens when the 
nput itage rises and strengthens when 
oltage drops; regulator utilizes a separate 
‘omplete armature has four commu- 
two cores and four windings; total 


mount Type 12 
W Well Type 


Manometers 











fo py fiat eter is 2.8% and length is 11”.—West- 

metal- inghouse Elec. & Mfg. Co., East Pittsburgh, IN MANOMETERS AND ACCESSORIES PLUS 

piper i SPECIAL ITEMS. 

ASting ire used, e 

d, then casting Combustion Control System rimount offers a complete line of 

seine eatiqerge New “Type P” system of combustion con- standard manometers from the simplest U-tube service 

Penna trol is said to make available to smaller | type units to highly sensitive electric manometers, 
ndustrial and municipal power plants a j : - 
egulation as effective and reliable as complete panel assemblies, etc. The equipment listed 

- Capacitor J} maker's “Metermax” system brings to large here is typical. For complete information, write today 


central stations. Applicable to boilers fired 
with coal, oil or gas, new system continu- 
ously proportions fuel and air to steam de | 
mand and, at the same time, controls fur- TRIMOUNT INSTRUMENT COM PANY 
nace pressure. To regulate fuel-feed and 523 S. Plymouth Court, Chicago 5, Wi. 

iraft (either forced or induced), system | 

provides a simple electrical balance (using 
Wheatstone Bridge principle) by which the 


).02-mfd, 250,00 for literature. 
t consists 
ted 

in a wet proces 
n tube and fill 
liquid dielectri 


3 ure Westing 





gi th settings of valves, dampers or vanes are Left— 

“gram varied in definite proportion to steam de- Trimount clamp type panel 

At re rT mand as directed by a Master Controller. wiekatine ciebt feed bub- 

agree b The remaining draft damper or other de- ; o=9 p : 

oie a vice is simultaneously regulated by the bler. Brass or semi-steel. 

eee Furnace Pressure Controller, If operator at 

n, Volt . any time does not desire full automatic con- Right Above— 

a Mikio trol, he can move any of the drive units cl 

< see from push button stations. Without leaving Trimount Constant Feed Trimount Type 12 
volts in sing Lubricator. ca W Manometer— 


1d can be 
1 series for oper 

to several n 
s. Industria 
1p Co., 1725 West 
VENUE Chie 


6”, 9”, 12” sizes. 





TRIMOUNT®T 


lugs MANOMETERS 


Plugs” are 

so that handle 
ye transfor! 

lily accessib 
vy steel barre 
»den handle t 
socke All pins 


TRU-VAC 


yacuUM GAUGES 


(Pirani Type) 


Shown at right is meter box of our No. 6 gauge giving 
accurate, dependable service in all types of operations 
ORDERS ACCEPTED FOR EARLY DELIVERY 


CONTINENTAL ELECTRIC COMPANY 


CHICAGO OFFICE GENEVA, ILL. = A ag tie 


903 MERCHANDISE MART 
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Hathaway 
Comparator 


Superior to all types of 
mechanical and simple 
electric gages for pro- 
duction inspections. 





Culmination of years of 
experience in compara- 
tor instrument design. 





thru three positive 


Multi-Range Sensitivity: Turning a knob 
ranges (staging the magnification with electronic tubes) permits 
to millionths of an inch. 


measurements from ‘‘shop thousandths” 


Fixed Nominal Zero: Adjustable simply by turning a knob. This 
does not effect sensitivity—nor does sensitivity adjustment effect 
zero. 

Unlimited Life: No bearings or sliding parts subject to wear. 


Operated from any 115-volt 60-cycle socket. Is compensated for 


voltage and frequency variations. Maintains calibration and zero 


over long periods of time. 


WRITE TODAY FOR 
BULLETIN SP - 142 


HATHAWAY INSTRUMENT CO., 1315 So. Clarkson, Denver 10, Colo. 


Early 
Delivery 








VOUMICML 





the panel, he can switch from (1) full aut: 


Wide-range Oscilloscope 


matic control to (2) base load control, and 

regulate air supply fron single push but- New “Model 6 Oscilloscope” i 
ton, with fuel supply automatically follow equipped witl rect-reading voltmeter 
ing in proper relationship and with furnace for measuring input signal. Sweep genera- 
pressure automatic. He can, as easily, (3) tor has a frequency range of 1000 ke., 20 
regulate both air and fuel from push but- cycles to 1 Mc. Horizontal and vertical am- 


fiat to 2 Mc. The Z 


tons, with furnace pressure automatic. Or plifiers are practically 
(4) he can switch to complete push buttor Axis Amplifier, which is useful up to 6 M¢ 
control and regulate each drive unit sep permits blanking and marking A special 
rately from the panel. This independent “Comparison Voltmeter is incorporated t 
operation of drive units allows the control further increase instrument’s usefulness and 
lers to be serviced without interrupting requires no dditionai equipment to deter 
boiler operation. Except for drive units, all mine value of signal. Deflecting plate cor 
equipment can be shipped on an easy-to nections are vailable at front panel. All 
install panel. Orn f preferre equipment controls are located at front panel and con 
in be mounted on a complete boiler panel veniently grouped by functions. New oscil- 
ulong with draft gages and other instr loscope is said to be “a single unit which 
ments. Drive units are connected to panel can do the work of two” for work on 
by simple conduits which any plant elec- higher frequencies as well as standard one 
trician can install Leeds & Northrup Co., Reiner Electronics Co., 152 West 25th St.. 
j9$4 Stenton Ave., Philadelphia $4, Pa. Ve York 1. N, ¥. 
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Carbon Determinato 


New “Two Minute Carbon Det: 
for rapid total carbon determin 
metals, incorporates new featur 
eliminate much of the 


pressure in measuring 


human eq 
burette 


absorption vessel is automatic 
to the san itmospheri pre 
eliminating possibility of 
ing due to difference in gas pre 
start and end of test. Gas pre 
measuring burette is precisely br 
pressure at time 


inaccur 


atmospheri 


taken. This is accomplished by 
burette connected to a. U-tube it 
vessel, Liquid level in vessel is br 
in exact fixed hair-line marker on 
lary tube stem of this vessel. Thi 


IS set it atmospheric pressure 


eliminates error caused by levelin 
between aspirator bottle and buret 
With this carbon determinator, 

burned in the combustion tube in 


Which aids in complete cor 
of sample Improved 
protection to the 
W Dietert Co., 93830 
oit, Mich 


vacuun 
Support give 
glass part 


Roselaw { 


mum 


V ariable-direction 
Total-pressure Tube 

New All Shielded Total 
Tube measure}! 


total pressures to be 
questionable, It i 


metal 
accurate 


made in flui 


enables 





usefulness in exce 


range of 
which is greater 


equired in any particular applicat 





I 


than 


shield or ferrule of Venturi cros 
is said to “insure the flow of beins 
leled to the total-head tube and 
iffords an accurate measurement 
pressure,” Among recommended 


tions are plant tests, 
ind wind tunnel models, Units are 


power 


flight 


in three sizes; 44”, 3” (see cut), 
ide shield diameter, with any desireé 
of shank, equipped with standard { 


ind mounting chu 
a 1%” size is a 


steel to 


line couplings 
able also in 
pletely of stainless 
The Revere 
Be nh Wall 


ft 


ises 


Conn 


, 
inoford 


operate 


Company, Dep’ 


unit made 


nr 

















Tool for Plastic Tubing 


175-FP Multi-size">flaring tool 
cifically for use with plastic 
ees ipproved type double-thick- 
1 connecting this tubing with 





19 ngs, handles four sizes: %”, 14”, 
,” outside diameter. While it is 
S especially for 0.062” wall tubing, 


‘ lso handle 0.031” wall. Flare pro- 


this tool is called ‘‘double’”’ be- 
istic tubing is folded back at ends 


cn 
ARING = 
nt 7ADAPTER iG oy 
4 One 7 
a + 
” » { 5 Tria wad 
ARINC — 
BA / = | ) 


1 flare with double-thick double- 


ttrength walls. This double flare is reported 
to offer following advantages as compared 
to ordinary single flare in making joints 
with larger sizes of plastic tubing: (1) 
Makes joints having 35% greater resistance 
to pull-out. (2) Retains its shape afte 
flaring-——does not snap back as single flare 


tends to do. (3) Protects wall of tubing 
rainst being squeezed too thin in flaring. 


Yomplete tool consists of flaring bar, yoke 
with swivel cone and four adapters, all fur- 
nished in a metal kit.—The Imperial Brass 
Mfg. Co., 1200 W. Harrison St., Chicago 7 


Vernier Gage Blocks 
New “DoAll Vernier Gage” consists of 
two gage blocks having a precision taper 
1 their mating faces. When taper faces of 
blocks are wrung together with their taper 
ndex marks coinciding, the blocks form a 


gage block whose height is 0.7000”. One 
block is graduated into ten equal parts be- 
tween the index graduations. By sliding 
this block to the right, height of Vernier 
rage is increased ten millionths for each 
graduation; sliding this block to the left, 
eight of Vernier Gage is decreased ten 
illionths for each graduation. Vernier 
Gage has a total range of one ten-thou- 


ith plus or minus, thereby enabling di- 
mensions to be made in increments of ten 
nches above or below any dimension 





Fig. 1 


PRECISION 
HYDRAULIC TESTING MACHINE 


with Pendulum Load Indication 


MORE ACCURATE, MORE DEPENDABLE 
FOR PRODUCTION TESTING because: 


Pendulum load indicator operates on the natural laws of gravitation. 


.. This principle of operation is not affected by temperature changes 


or subject to metal fatigue. ... Write for descriptive literature and quotations. 


NEALE 


TESTING MACHINES 
Division of 


AMERICAN MACRINE AND METALS, INC, 
fast Moline, lilineis eed 






Other Products: IMPACT TESTERS + VICKERS HARDNESS MACHINES » BRINELL HARDNESS TESTERS - MEASURING INSTRUMENTS: 





To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


F YOU are an engineer, physicist, or chemist now working for a company 

whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 
This is not the advertisement of any manufacturer but a notice from The Instruments Publishing 


Company as a service to its readers. Names will be made available to prospective employers. There 
will be no charge to applicants or to prospective employers. 
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Glass and Transparency |} 
for Optical Comparat: 


Adapters and fixtures are ann 
holding glass and transparency 


“4 N se (made by undersigned company ) 
Ingenious ew * comparators made by Bausch 


Technical Methods 


lers 


by Jones & Lamson. Charts are h¢ 





Presented in the hope that they will 
prove interesting and useful to you. 








Fig. | 


rect focal plane and work is sg} 

a Fig 1 shows one of the adanter 

New Saw-Gun Saws and Files —— on B&L Contour Measuring Proj 
° — is for 10” x 12” charts; others a 

in Hard-to-Get-At Places : : able for various sizes of square, r 


ind round charts up to 18%” 





Jobs of sawing and cutting that are inacces- 
sible to ordinary tools, are now made possible 
with the recently developed Saw-Gun. It works 
equally well on wood, plastics, light and heavy 
gauge metals (corrugated or plain—stainless 
and monel ), castings, rods and other materials. = wahomnn tO, 
The Saw-Gun saves hours on panel notching ; a 
and slotting operations, doing work ordinarily Permits sawing and filing 
requiring the use of several tools. in spots inaccessible to 











It is propelled by electric power, compressed ordinary tools. 
air or flexible shaft and provides an efficient 
portable power-saw or file, that can be carried 
from place to place. 

The Saw-Gun is operated by placing cutting 
edge of saw blade against work and turning 
on power. Filing is accomplished in the same 
manner by inserting a file in the tool instead 
of a saw blade. 

We hope this has proved interesting and 
useful to you, just as Wrigley’s Spearmint Gum 
is proving useful to millions of people (much 
to their surprise) working everywhere for 


2 os . 
Victory. Can be directly connected 














. , : : . : Fig. 2 
You can get complet information from to electric drill, air drill, 
the Mid-States Equipment Company, 


2429 S. Michigan Ave., Chicago 16, Il. Y-105 


or flexible shaf?. Fig. 2 shows one of the holding 
for use with J&L Comparators 
signed for holding charts of three 
sizes up to 101%” x 16”.—Enginee 
cialties Div., Univ. Engraving & 
which can now be made with a standard Co., 1919 Fast 19th St., Cleveland 

set of precision gage blocks. New gage thus 

extends the range of combinations of sizes ° “f° 
which can be made with any set of gage Selenium Type Rectifiers 
blocks by enabling combinations to be made New “Selco’” line of power rectifier 
in steps of ten microinches and to the same announced, Seven disk sizes rangi! 
degree of accuracy as provided by preci- %” to 41%” in diameter are avail 
sion blocks. In combination with the Ver- units are stated to be moisture-p! 
nier Gage, blocks can be quickly set up to. to have permanent characteristics 
produce “practically all types” of snap blies with output up te 1000 amp: 
gages, height gages (see Fig. 1) and deptt be supplied. Rectifiers are of th« 
gages to millionth accuracy at a fraction 
of the cost of a special gage. In combina- 
tion with gage blocks and new Vernie1 
Gage, a precision sine bar (see Fig. 2) e: 
be to angles within two seconds of 
arc. Tool-makers and inspectors can quickly 
measure any dimension to within ten micro- 
inches and it is also claimed that no skill 
is required in setting the gage, which is 
wrung together in the same manner as 
standard gage blocks Continental Ma- 
chines, Inc., 1801 Washinoton Avenue South 
Minneapolis 4, Minn. 


ere 


ees 


we FPre 


3 
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PRECISION MOTORS 


for important 
instrument applications 


The Bodine Type NSI|-!2 resistance- 


start, split-phase induction motor 
runs at practically constant speed 
It provides reliable performance 
with little maintenance, and is 
particularly suitable for applica- 
tions where the starting torque is 
not greatly in excess of the normal! 
full-speed torque 

TYPICAL APPLICATION — Central 
Scientific Company variable speed 
stirrer. Cover is open to show var- 


The precision standards which 
control the manufacture of Bodine 
fractional horsepower motors as- 
sure structural accuracy and oper- 
ating dependability. More than 
2000 ‘‘standard specification’”’ 
motors make it possible to provide 
the right Bodine motor for prac- 
tically every type of scientific and 





iable speed drive on stirring rod ‘adautelal apparatus. 
Bodine has built precision 
motors for over 35 years. Every 
motor is thoroughly tested during 
several stages of production. 
Therefore all Bodine motors leave 
the factory with the assurance that 
they will give satisfactory, trouble- 
free service. Bodine Electric Com- 
pany, 2244 W. Ohio St., Chicago 
12, Illinois. 





adability to 1 RPM per division. Guaranteed 
curacy well within 2 of 1%. Indicates RPM 
rectly on the dial without any calculations 
er a fixed period of 6 seconds. Negligible 

Porque. Two models with ranges 0-1000 RPM 
0-10,000 RPM, each suitable for double 
ted range. 


Write for bulletin No. 715. 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N. Y. 





The Arnold Engineering Company 1s 
thoroughly experienced in the production 
of all ALNICO types of permanent magnets 
including ALNICO V. All magnets are com- 
pletely manufactured in our own plant 


under close metallurgical, mechanical and 
taway of Littelfuse Extractor Post No. 1075. 
3A G for radio, etc., exemplifies new construction 
with terminals electrically welded. 


Li tobfuse EXTRACTOR POSTS 


tifiers 
nductivity. Maxi- 


oir} ‘strength and resist | LITTELFUSE AIRCRAFT 

or es agp sat and vibration. | EXTRACTOR POSTS 

al ded bakelite body, in- 

e-proof 4! PMlating, and preventing 

ics nd shorts. Fuse 

mpt utting full visual 

| F . ‘ a ofinspection. 1212 

ue *. t pulls and holds 4 A G Screwdriver 
nts fuse from operated. Under- 

writer's Spec. 


magnetic control. 





r B’P and full 
eering data. 1212-8 
Write Finger 


/ operated. 
ELFUSE INC. 


THE ARNOLD /INGINEERING COMPANY 


147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 





Ong St. g 
ate, Calif, _ 


enswood Ave. 
go 40, Il. 





1245 
For Hi-Amp 





Elements. 
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type and are claimed 
' . of high efficiency, high ove 
BARBER-COLMAN unlimited life, maximum out; 
4 weight and advantageous tem; 
acteristics. New rectifiers ars 
bolt or stud mounting direct 
or with mounting brackets 


MICRO SYSTEM 3) Gone 
West Pico Blrd., Los ingeles 


FOR Slide Rules 


Three new slide rules ar: 
PROCESS CONTROL one for the professional draft 
the apprentice draftsman o0) 
ilso a handy pocket slid 
contain scales A, B, C, D, Cy] 
T. With exception of the a; 
controlling the direction of rotation of the valve motor. “con as borg sonertage sire 
In the Valve motor unit a potential dividing rheostat, Dina aa a ae 
keyed to the driving shaft, changes the pull of a solenoid viate the shortage. They Warns 
on the SPDT switch tongue so that the switch opens when and instruction sheet on cor 
Thus the tion.—Frederick Post Co., B 
cago 90, Illinois. 


The temperature-sensitive Remote Bulb Microtherm con- 
tains an SPDT switch, operated by changes in temperature, 


TYPE BYDK REMOTE 
BULB MICROTHERM 


the valve reaches the desired new position. 
Microtherm is able to position the Proportioning Valve 
so as to Satisfy exactly any change in demand. “Hunting” ; re 

is eliminated, no current or potential-sensitive relays are ‘ Copper Oxide Rectifiers 
required, and maximum power is available at every point Announcement is made of 

of the valve stroke. The “droop’’, or throttling range copper oxide rectifiers known 

of the instrument is adjustable. For temperature control Gold contacts on the copper ox 

with “‘micrometer accuracy’, use the Barber-Colman highly adaptable mountings, 


Micro System. 


“CONTROLS for INDUSTRY” 
TYPE CYBG MOTOR-OPERATED 
PROPORTIONING VALVE 


BARBER-COLMAN COMPANY 
1202 ROCK ST. e ROCKFORD, ILL. 





For Extremely Close 
Temperature Control 


Visual-Stats _ 


lead wires, or other arrangement 
vent overheating during assembly of eq 
ment using these rectifiers, are said t 
innovations. “BX-100,” a center-tap 
wave rectifier, is completely encl 
Bakelite and rectifies high-frequency 
rent, operating in special circuits up t 
megacycles. “BX-22.3” is a double b 
rectifier said to have excellent temperat 
and temperature-current cha! 
“BX-22.5” is a single half-wav 
“BX-22.2” a full-wave, and “BX-22.4 
double half-wave, Conservative rati: 8 
low forward resistance, combined 
leakage resistance, Bradley Lal 
Inc., 82 Meadow St., New Haver 


, tifle 


Voltage-dividing Resistors 
New “potentiometer” resistors h 
operate for 2,500,000 revolution 
continuous rotation in both direct 
24 hours a day, are among new 
nounced. In one group (“Types 26 


@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
f minate at back of tube. No encircling 
“@ i metal bands! @ Available in angle form 

(illustrated) or conventional straight form. 


@ Send for brief, attractive bulletin. 
TERMINAL RADIO COR P. The Philadelphia Thermometer Co. 
85 CORTLANDT ST, NEW YORK 7,N. Y: 915 Filbert Street “i Philadelphia 


\ Phene WOrth 2-4415 Oldest Thermometer Manufacturer 
a8 in Philadelphia 








Veins ial 
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rect pm , = U 

~ Di OF MODEL S$-10 
ee Fhe ic SEALING. 

4 . nt : = a on the al kS 

7 € L ee q Gree auth’ 

eee ee pyated to RSUTCIOED 


: me + . 


con , v 
a. ae THE LATEST IDEA in true Hermetic 
| Sealing is a Thordarson development 
“TRANSFORMER TERMINALS IN GLASS” 
Recti ers 
of 
ngs, | 


‘he above types are suitable for use anywhere 
in the world, regardless of climatic conditions 





TRANSFORMER DIVISION. 
THORDARSON ELECTRIC MFG. CO 
300 WEST HURON STREET, CHICAGO, Ki 


Gece IS8GFS 


. + ORIGINATORS OF TRU-FIDELITY AMPLIFIERS 


For Measuring and Indicating Elapsed -Time 
Intervals Accurately to 1/50th Second. 


LL OUR ‘Timers have an 
NORTON QCA TOO A Electro-Magnetic Clutch 


and Instantaneous Reset to Zero, 


2.4 ‘Hand Calibrated i and are Synchronous Motor 





gements _ Driven. They will, if desired, inte- 
ge! . eq for Your i J > 


center-tap, f 


grate consecutive time intervals. 


eS Ub 


ru D.C e | 
ely enclosed H d ‘ © Se es ma MONT ER . 
\- frequency Exact ee $s \ See ree rere, J At present, orders (with 
circuits up t = ° ° o ; 
a double bridzMfpe scales of Norton Instruments satisfactory priority) for timers 
ent temperat h J P 
e hand dr d han li- - F 

charact eubapieaganso- with speeds of 1 revolution per 
-wave rectifiermrated to meet your special 
oo is age Bewvirements, thus assuring ac- 10 seconds, or slower, are filled 
bi er with hisimracy at every readin oint. 
i hone ’ ines from stock or within 30 days. 
lave? ° : 

V Furnished for both switchboard Bulletin 121 describes standard 

: : (4G - ; and portable use. Magnetically 
>sistors ; ° P ° 

Resistor ut , f shielded. Hardened, specially models. 
—* ground pivots, supported by 
yen sapphire jewels. 
ge lg je Gar” x . y Norton has served the in- Address I-16 


dustrial and marine fields for 
fifty years. Wherever accurate 
measurement of electrical 
units is called for, there is a 


) —— THE STANDARD 
= 
w Send for our new catalog E L é T ea { T { M t '@) ‘ 
} : “Split-Second Measurement by Standard” 
NORTON Electrical Instrument Co. MM co rinocitun, massacnuserrs 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 
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LASTIC 
NAME 
PLATES 


SCALES, GAUGES, 
CALCULATORS, 
\ CHARTS, DIALS, ETC. 











@ Impervious to moisture, grease, 
oils, acids, alkalis. 

@ Printing guaranteed not to wash 
or rub off. 

@ Non-inflammable, 
plastic. 

@ Printed and laminated vinylite and 
cellulose acetate. 


SAMPLES AND ESTIMATES GLAOLY SUPPLIED ¢ 
WRITE DEPARTMENT Ww 


THE HOPP PRESS, INC. 


PRINTING — FABRICATING — FORMING 


non-corrosive 


WN REQUEST 


460 W. 34th STREET, N. Y. C. 


ESTABLISHED 1693 





MOTOR CATALOG 


Shows, describes, gives dimen 
sions and output of small motors 
from 1/3000 h.p. to 1/3 h.p., 
plain and back-geared motors, 
for A.C., D.C., or Universal 
operation—dependable, efficient 
and economical SpeedWay Motors 
embodying the “know how" de- 
veloped through more than 30 
years of specialization in smal! 
motors —the “know how" that 
has answered so many war prob 
lems for all branches of the 
service. 





If you use small motors, write 
for this new catalog today. If 
you have small motor problems, 
send in your specifications for 
SpeedWay's recommendations. 


SPEEDWAY MANUFACTURING CO., 1839S. S2nd Ave., CICERO, ILLINOIS 
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Post War 
Clock Movements — 


by 


I 

Our production of special clock 
movements and clockwork mechan- 
isms for recording instruments must 
wait until this war is won. Meanwhile 
we would welcome the opportunity of 
working with you in developing your 
post-war designs. 


Remember, Chelsea has been mak- 


ing special movements for recording 


instruments for many years. 


\ 
<a : 
on Be) wie Let's continue 
. Ame to back the 
attack! 


\ 
CHELSEA 
CLOCK COMPANY 


385 EVERETT AVE., CHELSEA 50, MASS. 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 


past 36 years. 


() 
) 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 


tively inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 








260T and 291") it is said th 


close tolerances require windir 
built especially for makers 
chines space-wind resistances 


strip of fabric-base Bakelite. 

ing agent bonds wire to strip 
tective Bakelite band is pl LCE 
wire strip and is next } 
ind fastened to Bakelite sup; 
In another group (“Types 2¢ 
276, 292 and 296’) top wipers 
for “highest types of 
tolerances.” design 
Operating Temperature Type 

by American Standards Ass’; 
said that on inspection after 


over 


accurat 
These are 


they appear to need no 
DeJur-Amsco Corp., Shelton, ¢ 
Current Regulato 
New current-regulating con 


esistance welding machines 

designed to facilitate 
lding the rms, or true hea 

the weld current constant fo 


consiste! 





without requirir 
After pr 
1 parti 


been made, compensator requir 


ontrol setting, 
manual 1djustment 
heat-control setting for 


hold weldins 
Same 
unregulated we 
rent to vary +20% An elect 
ircuit automatically retards 
firing point of ignitron tubes 
trol welding current, thus holdir 
constant regardless of line volt 
or welding conditions. 
readily mounted on or near we 
chine, can be ipplied to 
ince welding controls utilizing 
f heat control Blect 


Electric Co., 


idjustment, will 
+1% “under the 
would 


conait 


cause the 


Compens 
most 


method o 


Section, General 


Pressure-relief Valve 


New “Model RV-100”" (Cillust: 
If si ) is announced as a new 
elief valve that permits a stra 


leveloped for t 
of both liquids and gases. It w 


Adsusting Sru 











Rovy LOCK Nut 
a ~. ‘i fh 
~ anal 
ie y r Ne ee PET Hil 
j TVA, ? i "Wa 
A 4 ‘ene 
~~ tad 








accepted ) for 
aircraft appl 


lesigned (and 
fuel pressure in an 


i ffered for a wide variety of 
ipplications. It features an ext 
justment which permits pressur* 


ment of the spring without remoy 
from pipe line. It is particularly 


for use in a confined space where 
turns are not readily made. A 

used to hold the adjusting stud 
justment is made, Pressure of 


pressure-proof 
gaskets. New 


serves also as a 
out the use of 
available in all standard sizes 
pipe size.—Rogers Products, I) 
Hudson Blvd., Jerseu Citu, N. J 
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"Wi AT do you need MULTIPLE UTILITY 
0, th a al ina PYROMETER 


cppor naa) SENSITIVITY RESISTANCE 
261, 281, 20 DURABILITY SIMPLICITY ® 


periates 








ign Engelhard Direct Deflection Indicators have all these features . . . Accurate sensi- 
pe tivit the most minute voltage variations due to suspension type construction... 
Ss’! High resistance per millivolt and no appreciable error when used with thermocouples 
x of different resistances and on connecting leads of consid- 













erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger . . . So simple that instant 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
metry . . . On kilns or furnace installations, where ‘spot 
readings" are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 


— 
4a) 
~ 
_ 
~ 





Write for 
Catalog 


PORTABLE 
MODEL P-1 





Moutiete utility is one of the many 
furt outstanding features that makes General 
7 , ; Electric ELECTRONIC MEASURING INSTRU 
~— Mabe Cc H A R L ES ENGELHARD ’ I N Cc O R PO RAT E D MENTS practically pay for themselves in 
90 CHESTNUT ST. NEWARK, NEW JERSEY added service. Designed in the famous 
G-E electronics laboratories, this new 
line offers a wide choice of compact 
apparatus, for service, maintenance 
: and research. 
DA Ave G-E unimeters, capacitometers, audio 





















sis ? oscillators, wide band oscilloscopes, 
: S square wave generators, signal genera- 
is Ss tors, power supply units—all give you 
SS 5 dependable service in measuring 
.S “ s electronic circuits and component parts. 
[? e 
4 i th y. m } | s While these sturdy, shock-resistant 
‘alve S ess an per 5 e. $ units are now in production chiefly for 
c ~ 
S 7 the Armed Forces, they may be pur 
ae $ $s chased on a priority if you are engaged 
ne ray . ; °¢ , te ne Pr oe y > 
an S TheU.S. Navv usessextant s in war work. After victory, of course, 
th. ? , : : ake 2 the complete line will be available to 
re $ murrors in large quantities. s everybody. . .. General Electric, 
. . _ > aot: , J ows . 
S Merely a square inch of $ Schenectady, New York. 
sin $ ‘olass. silvered over a part $ e We invite your inquiry for G-E ele 
¢ eis . I e tronic measuring equipment made 
$ of one surface—but made S$ to meet your specific requirements 
» uF 2 —_ e ; ? 
$ so precisely that if'a ray of $ 
if ' . : - 
iy is light strikes it, the reflected rays from the front and rear $ 
e urfaces will diverge considerably less than two inche 2 votes 
8 aces 7 »¢ s i: ‘SS P ‘hes < 
$ . ‘ili ; ; ; - CATALOG 
wy S$ in a distance of a mile. Such accuracy. immeasurable by s 
iy ret ran ee e : * : o é ‘ S 
wr Fe any mechanical instrument, is essential for the sate 2 
ou $ navigation of our ships. s 
: , ‘ ELECTRONICS 
$ Kollmorgen, leading producer of sextant mirrors, : DEPARTMENT 
e : , : 
i 4 $ makes many other optical and mechanical devices to $ lau ae co. 
pli ds « : , ay ; : pissy 
of $ similar standards of precision. If your postwar pr oducts $ Please send, without obligation to me, 
xt e ‘ : : oo the General Electric Testing Instru 
- e or ideas embrace close tolerances in glass or metal, $ ment Catalog, 1-3 (loose-leaf), for mj 
sul ; : 2 information and files, 
nov consult Kollmorgen ... now! “ Name 
1 e ‘ 
noi $ 2 Company 
A ] ° $ Address__ 
id ° KOLLMORGEN OPTICAL CORP. 3 
fos 4 S 3 Wie ck ee Peres ee ee RS 
ee > 
e 2 Franklin Avenue Brooklyn 11, N. Y. 2 
e 2 3 GENERAL & ELECTRIC 
n 
cad 177-c3 
J 44m 
“v AANA; AA Electronic Measuring Instruments 
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INSTRUMENT SOCIETIES CALENDAR 








City, Society and Secretary Date Place Subject Speake 
Atlante Georgia Society for Roger W. Allen, 376 Neleor March 27‘4) Blue Flame Room, Infra-red Drying To be announ 
Measurement & Control § St., S.W., Atlanta Atlanta Gas Light Co 
Baltimore Baltimore Industrial In- C. B. Willnecker, 6732 Dan- Mar. 17‘? Enoch Pratt Free Instruments in Perform- F. C. Phillips, 
strumentation Society ville Ave., Dundalk, Md Library ance Testing of Aircraft Martin Co 
Chicago Chicago Society for Carl Hope, 2626 W. 31st Apr. 3‘8 M&M Club, pH Contro! Dr. W. N. Gr 
Measurement & Control Blvd., Chicago Merchandise Mart Leeds & Northr 
May 1 To be announced Electrical Recording R. J. Kryter, E 
“ Instruments Angus Co 
Gulf Coast Gulf Coast Instrument T. H. Pierson, 3030 Roberts St., 
intenance Men's Beaumont, Tex 
Ase'n 
Hartford Hartford Society for Stephen J. Zelle, Whitney Chain 
Measurement & Control & Mfg. Co., Hartford, Conn. 
Newark New Jersey Society for N. E. Chance, 14 Glen 
Measurement & Control Oakes Ave., Summit, N. J 
Mar. 28°! Building Trades Emp Electronics Serv ant Dr. P. G. We 
New Vek Sieur Weak Gecieer ter H.R. Kalbfleisch. 114-3 Ass'n, 2 Park Ave or Fad (with dem't'n) Kollsman Instr 
Measurement & Control No. Blvd., Flushing, N. Y Apr. 250 Building Trades Emp. New Optical Tools Dr. W. B. Rayt s 
Ass'n, 2 Park Ave for Researct &? Lomb Opt 
N. Indiama Northern Indiana Soc. R. W. Schreiner, 4 Waltham St 
Measurement & Control Calumet City, Illinois 
Philadelphia Philadelphia Society J. E. Gambrill, 1317 April 19°8 Engineers Club To be announce C. E. Mason, M 
for Instrumentation Spruce St Neilan Regulat 
. Mar. 27‘) Roosevelt Hotel Valve Selection for J. C. Peters, I 
Pittsburgh American Society for L. M. Susany, c/o Carnegie In- Automatic Control N rthrup Ce 
Measurement & Control _ stitute, 4400 Forbes St., Pgh April 248 Roosevelt Hotel ric Measure S. L. Burgwin, V 
Contr house Elec. & M 
Se. Louis St. Louis Society for Gus Holubeck, Union March 20'®) De Soto Hotel Maint ce Coleman M 
Instrumentation Electric Co., Venice, Ill th @ I ist strument Moore Prod 
Toronto Canadian Society for T. C. Agnew, Minneapolis- 
Measurement & Control Honeywell Reg. Co., Toronto 
“Meeting at 7:30, no dinner. (B)Dinner at ¢ meeting at 8 Dinner at 7, meeting at 8. Meeting at 8 
Ne ane ee questions which were skillfully nswered by) ipplication of flow meters and W 
ews of Societies Mr. Fischer covered installation and maintenar 
ATLANTA Cc. B. WILLNECKER- speakers drew on experiences to 
Our Past-President, M. Virgil Davis, was size sources of error. Numerous 
the speaker at the January 24th meeting showed interest in subject. 
His talk, “A Trip Through a Modern Steel CHICAGO RoBeErT |} 
Plant,” was both interesting and instructive The January 3rd meeting was held at 
Phil Smith’s restaurant, Roby, Indiana. As NEW YORK 


The newly-elected officers are: Howard 
M. Baker, Pres.; Paul Miller, Vice-pres. ; 
Ed Foss, Treas. ; Roger W. Allen, Sec’y. 


was the case at each meeting this season, 
i. large attendance was on hand to hear R. 
\. Ackley, Research Engineer for Republic 


The January 25th meeting was 
by Dr. S. J. Zand of the Sperry G3 
Co., who delivered an_ informati 


At the regular monthly meeting on Flow Meters Co., speak on “Comparison of adie 
Fe ay : Te vec! gate ; : ; : : “pa : amusing talk on the difficult b 
ebruary 28th, a very interesting talk was Basic Automatic Control Requirements in ‘* n , stabili 1 Aut t ; 
2 ” d é t ols a atl t 
on Telemetering was given by Mr. R. D. Zoiler Plants and Process Industries. : irplan tabi ity unk u ome 
i 2 . : : I A. Riacs The fundamental variables were separate 
Cowherd, of the Bristol Co. The discussion ve eames and explained. Dr. Zand's explanat 
which followed showed the interest that the group stumped for a moment 
was taken in this subject GULF COAST start of the discussion period, and then f 
- ae ee lowed lively questions, which wer 


Two meetings of the GCIMMA were held 


and skillfully answered. 
in January: On the 12th, at Lamar College, “ 


The first annual business meetil wa 


BALTIMORE R. L. Nichols, Magnolia Petroleum Co., gave ' held te ; ; 1 off 
The 21s 1 as . lecture and demonstration on “Electronics @!S0 held and the newly elected office 
The January 21st meeting wa held at Pres., C. A. Fairchild: Vice-pres., 


and the Cathode-ray Tube.”” A Dumont 
Electronic Switch and an RCA 5” QOscillo- 
scope were used to show current and voltage 
. . phase relationships in resonant circuits. 
( , ali ae ae Dp! 

Mr. . B. Moore, Moore Products Co., The second January meeting was held on 


8:00 p.m. at the Maryland Academy of 
Sciences, 2724 North Charles Street, with 
an attendance of 35 members and guests. 


Weiller; Treas., E, E. Corbett; Se 
Kalbfleisch. Executive Committee 
Colvin, R. K. Farnham, H. Proske 
Hildenbrand, W. O’Connor. 


Philadelphia, delivered an interesting talk the 20th. Mr. Wylie Tomes, Cochrane Corp., —H. R. KALI! 
on “The Pneumatic Null Balance System , ve a lecture on “Flow Meters. Their Con- 
Applied to Industrial Instruments.” Slides struction and Use.” : 

; se NORTHERN INDIANA 


were used to illustrate his points. A lively 
question period followed. A rising vote of 
thanks was given Mr. Moore. The meeting 
adjourned at 9:45 p.m. 


Our new officers ar Chairman, T. H 
Pierson (Magnolia Petroleum Co.); Vice- 
chairman, G. A. Woods (Gulf Oil Corp.) ; 
ws = ; Secretary, C. D. Holt (Gulf Oil Corp.). , 
The February 18 dinner meeting had an CD. Horr diana 


The January meeting was attend 
fine gathering of 51 men representi! 
20 industries throughout the nort! 
district as well as guests 1! 


attendance of 39 members and guests. Mr ; ; Louis, Detroit and Chicago. 

Byron M. Dewey opened the meeting and A short business meeting was 

announced the resignation of President F NEWARK the Executive Board and we regret 
B. Bevelheimer, who is taking a position as The February 1st meeting produced an port the loss of two of our officers 


Fuel Engineer of the Algoma Steel Works ittendance of 53. Dr. N. E. Woldman of Johnson resigned as Treasurer to 
Sault Ste Marie, Ontario, Canada. Mr the Eclipse-Pioneer Div. of Bendix Avia- promotion with his company and 
Dewey, in behalf of the Society, presented tion Corp., spoke on “Metallurgy as it Af- sent to points west. Mr. Charles B 
Mr. Bevelheimer with a pen and pencil set fects Industrial Instruments.” The subject signed as Recording Secretary be« 


as a token of appreciation. appears at first glance to be somewhat re- other work leaves too little time. Mr 
At a previously-held Council Meeting Mr moved from Instrumentation: Dr. Wold- Vance and Mr. Louis Lanka wert 
Dewey was elevated to the Presidency, and man’s treatment recognize d this by focus- ed, respectively, to these offices 
Mr. E. S. Reisler to the Vice Presidency. ing attention on those phases of metallurgy Executive Board. 
The members and guests then went t with which instrument engineers come in 4 delicious dinner followed wit! 
the Maryland Academy of Sciences, where °°" and the problems they encounter, of fish, chicken or steak. 
a lecture was given by Mr. Kermit Fischer, N. &. CHANes Mr. L. K. Spink, Engineer in C1} 
Fischer and Porter Co., on “The Rotameter (Telegram) Fifty-six attended February Flow Measurement, the Foxboro Co., 


} 


and Its Secrets.” Members asked many 7th meeting, George A. Martin discussed off the evening in swell style with 


Page 186—Instruments—Vol. 17 





i$ ooo ee meeerererere 





peake 











il type flow meters. He showed 

ection factors on altitude, lati- 

ossibly new to many of us. Mr. 
ed questions from the audience 
sure everybody left the meeting 
knowledge of flow meters and 

Iculations. 
R. W. SCHREINER 


PHILADELPHIA 

inuary 19th meeting we were 
being able to secure Dr. W. N. 
earch Engineer of the Leeds & 


who addressed us on ‘‘Meas- 
nd Application of pH and Con- 
Instruments,” 
n elementary introduction, Dr. 
loped the factors involved due 
s capacity where “detection lag” 
detection instrument and the 
valve complicated the problem. 
floored all of the members dur- 
juestion session by writing on the 
d the differential equation for de- 
nn of “detection lag.” 
was a lengthy discussion on the 
the glass pH cell to transmit an 
fference without direct contact be- 
v the liquid under control and the 





olution in the cell. 
T} were twenty-five at dinner and 
enty-two at the meeting, which took 5 >| 
t 1 the chairs available in our meet the GAEKR 8 NER 
t the February meeting we heard «a talk 
Electronic Power Applications in In- if ™ ®, 
iy am ew. Wenter oo dT OOLMAKER MICROSCOPE 
ed the advantages of high-frequency 
ting in the molding of thermosetting 
where a uniform heat is most im- 


for length, coordinate and angle measurements 


Skin hardening was also mentioned 


as having the advantage that no quenching a = ? ° , , 
ni cE aga gs Re ig Ra ORE The Gaertner Toolmaker Microscope enjoys preferential acceptance in 
ed the talk. industries devoted to the production of precision parts. 
D ttendance was 40, while there m ; . ‘ ‘ ca y ‘ ; : 
‘Sh ak, ia “casa ; The instrument is widely used in United Nations war plants to inspect work 
1. E. GAMBRILI in progress and finished work—to measure form tools, milling tools, drill 
jigs, templets and gauges, machine parts, taps and hobs—to perform the 
PITTSBURGH various thread measurements. 
\ll records for attendance were broken - : : : F ‘ , 
n February 28: Sixty-four came to th It is an accurate, reliable and durable instrument incorporating fine machin 
nner and fifty more came for the meeting ing and carefully adjusted optical parts 
r ©. O, Fairchild, TAG’s Research Di- 
ct discuss the Theory of Automatic 
er iture Control. His discussion was Send for Bulleton 147-14 
ely mathematical but his conclusion 


re practical. THE 
ind film on the manufacture of G-E GAER R & IE 
iis lnaereeaada: wn tee tee, | TNER SCIENTIFIC CORP. 


lowed by demonstration of the Brown 
1211 Wricutwoop Avr., Cutcaco (14), U.S.A. 


us-balance Potentiometer and of 
Bulk-materials Moisture Meter 
L. M. SUSANY 


Instcument DIALS AND SCALES 


on ee ee eee Oc oe, ee 


Neeumee as Experience NAMEPLATES - PANELS cee: 
/ & PROMPT PERFORMANCE. 
, PREMIER METAL ETCHING COMPANY 


21-03 44TH AVENUE LONG ISLAND CITY, N.Y. 
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In this department we report ALL pieces of new literature pertaining to Instr 
\ received from the manufacturers. To assist in the War Effort we urge readers to req 
“; iJ R C0- AM FRICAN’ those bulletins which will be of value to them. Use the coupon on the facing pag: 
L-42 The Capacitator. Oct. 194 ssue L-45 Liquid Level Indicati Equip-E4 
PRETESTED 16 page ontains Pa I of interesting ment for Aircraft. Applicat : 
means eries of ticles on “Superstability at GET-1066, 8” x 101%”, 64 pag 
UCHF” giving results of investigation pared for the aircraft engines 
Par 2 and some theory, made on solenoid typs responsible fo the ippli 
under all conditions coils for the frequency range of 50me t mote-indicating liquid-leve 
a ceca : , 100m« Also includes at ticle, “Hints Its purpose is to assist in tl} 
Surco-American high quality pe “i sO eee te pao eee canis od ea eet peters Peds Pg tes th 
flexible plastic tubings and insu- Dubilier Electric Corp., Hamilton Blvd Seal andiontora. General 
lated wire are pretested to stand Santh Pininteia. NJ. Schenectady. N. ¥ 
up under a wide range of tempera- : ae eR ones | : , 
tures and under the most severe L-43 Coil-Winding and RF Resonance L-46 Tachometers. Fold: 
conditions because they are spe- Rapid Cale ulator. \ new slide-rule type { pages, illustrates and de 
cially formulated to meet the most rapid calculator, price 25« by means of ible straboscopi« centrifugs 
exacting requirements. Tubings are simple settings it possible to deter tvpe tationary centrifugal 
available in inside diameters from mine with reasonable iccuracy values Boulin Instrument Corp., Ne 
-005°° to 2’. Dielectric strength of inductance capacitance ind fre 
averages 1500 volts per mil. thick- queney components of series or paralle L-47 Dials, Scales, Templates, Indica 
ness ... ‘“Surco-American” flexi- tuned RE circuits as well as inductance tors, Diagrams. [olde: 8 
ble plastic insulated wire is avail- turns-per-inch, wire type, wire size, coil pages, announces a new s¢ 
able in all lengths and colors in engtl ind co diameter for single preparation of the above. M 
wire sizes 212 to 248 A.W.G. solid layer-wound solenoid type RF coils. Ac 10910 Berea Road, Cleve 
or stranded, shielded, tinned or curacy to within ipproximately 1% : 
silver plated copper wire and cable Allied Radio Corp., & West Jacksor L.-48 Cannon Signal Systems 
. » « Technical bulletins and som- Blyd., Ch go 7, Il sli, 814” ‘ 6 pa ( 
ples on request. P ' eading it is, describe 1 
Aadress Dept. | L-44 Thermometers. Catalog No. 44 nurses’ call systems, docto1 
Sly x 11 2 pages llustrates and de tems, registers, time recorde 
A S¢ bes etched-stem thermometers for witehes and lights. Signal S 
Scares general testing engineering, industrial Cannot Eleetric Development 
ind laboratory work. Cataloz Number, Humboldt St Li Angeles 3 
Range, degree divisions and stem lengtl 
ELECTRICAL INSULATION CO. ire giver for ‘ <7 tl ermomé ter agg ' = ya Sfasue has. tw IK +4 rimenter 
pages ire devote to ustrations in ne rary 18sue 1a Oo nit ¢ 
84 Purchase St. Boston, Mass. plant of the Faichney Instrument Corp alas The Communications R 
\ y, Watertown. N. ¥ W ‘ aakeeei ind “Cor 
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PURCHASING AGENTS! Rawson | Interval Timers | 
ENGINEERS! . * 
) Twin Multimeter nen _ 

Send : 4 
| for e : 
lie J Process Timers |} 

Buying . 

Catalog Directory 4 

EN € e 
— | Signal Timers ‘ 
Supply! : & 
ecole ear } 





SUN RADIO °/fers 


FAST DELIVERY 29 - in 7 Space Than | Time Switches : | 


FROM STOCK on 


RADIO PARTS Any Near Equivalent Combination a — fF 


Size 12” x 8” x 6” 
RADIO TUBES 
and INDUSTRIAL RANGE OF MEASUREMENTS Relays | ; 


ELECTRONIC EQUIPMENT D.C. 1 microampere to 1 ampere 





























oeeaant 20 microvolts to 1000 volts : 
WRITE for FREE C ! AC a memes ° — 
If engaged in essential industry, write today A.C, (up to 3000 cycles) eal Write mene t 
on company letterhead for this massive 800 2 milliamperes to 3 amperes ewe ome . 
page buying guide listing everything in radio 60 millivolts to 1000 volts — 
and electronic equipment Address Box MS 
New York's Oldest Radio-Electronic Special Apparatus Built to Order ‘ 
Supply House n 
a Telephone Arc 7100 RAWSON ELECTRICAL| | “*' IE 
INSTRUMENT COMPANY| | ELECTR. co. |: 
‘ MANUFACTURING C0. 
{10 Potter St Cambridge, Mass 
& ELECTRONICS CO. itaineshagoggen . ce “i MANKATO, MINNESOTA ‘ 
212 FULTON STREET, NEW YORK 7, N. Y. eis A seat — { 
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ulin System 


1200 Niagara St., 


Metnoas.” General Radio Co., 


Cambridge 39, Mass 
sols for the are. of New 
talog No. 15, ti”, 40 
over 5000 ae ms Canta for 
work, model building, etc, 


7S. Wabash Ave., 


on & Co., 3 


yrometers—Automatic Control, 
Indicators. Bulletin DM008, 
6 pages, describes the Pyro- 
ntiometer which has a num- 
en refinements that make it 
nient to service and use. 
Waterbury 91, Conn, 

Wheeleo Comments, The January- 
35 Ue has the following I 

vent Ex- 


eleco Instruments Pre 

itures and Explosions at 
Gear’ and “Wheelco Therm- 
lates Temperature in Tacking 
Safety Glass Manufacturer.” 


nstruments. Co., Harrison & 


( hie igo 7. Fil. 


Thermometer. 
é page, illustrates a 
which the wood, brass 
to secure have 
ed by porcelain. The porce- 
handle and cup have been 
i Weight increased 

to 1 1b. so that unit sinks 
viscous liquids. H-B Instrument 
N. Broad St., Philadelphia 32, 


New Industrial 
eI" y 11” 

er in 
metals difficult 


January issue 
Ohmite re- 
Ohm- 
yurNoy 


Ohmite News. The 
the application of 
inits to X-ray apparatus, 
ifacturing Co 4835 Fil 
ro 44, Ill 


Flash- O-Lens, Reprint 1-15-44, 
} pages, illustrates a numbe1 
nated magnifiers for accurate 
mapping, chart reading, 


phic interpretations, finger print 
et KE. W. Pik ae SSG... aes 

Elizabeth 3, N. J 

Cable Tension Indicator. Folder, 

1”, 4 pages, describes and illus- 
s instrument using the accepted 
f measuring cable load by de- 
the resistance of the cable to 
Krouse Testing Machine Co., 

Ave., Columbus Ohio 
Spectrographer’s News Letter, 


iry issue has the following arti 
Iptics of Visible ind Infra-Red 
scopy and “Analysis of Alumi- 
d Magnesium.” A. R. L. Dietert 
) Roselawn Ave Detroit, Mich. 
Barometer. Leaflet 3-101, illus- 
precision barometer using the 
zero-gaging” principle. Amer- 
1847 So. Flower St., 


les 15, Calif. 


arn we? Scrape Abrasion Tester 


GE $166 8” & 10%” 2? 

i machine tor testing the 
s of magnet-wire’ insulation. 
Electric Co., Schenectady, N, Y. 


Anti-Capacity Switches. Folder, 
16”, 6 p Quick change-ove! 
rpose electrical switches having 
im of capacity between elements 
ated and priced in this folde1 
ind mounting dime nsions also 
Federal Anti-Capacity Switch 
Buffalo, N. 


pares, 


Les, 


L-6l Rate of Flow Indicator. Bulleti: 
N 163-1, 81445” kK 11”, 4 pages. Describes 
new chanical type oi flow indicator 
WI forms the same function as a 
Dit column, but indicates the 
} flow by means of i pointe 
{ n 270°) with respect toa circula 
£ This is accomplished by a unique 
I irrangement illustrated by cut- 
AW lrawings and photographs, Out- 
Bt features and advantages fully 
PX] 1 in text, and additional draw- 
ans ve dimensions and. schematic 
b of the indicator. Morey and 
J Ltd 922 S. Hemlock St., Los 

21, Calif 

i Electrochemical Society. Preprint 
8 X94”, 8 pages. Publication of a 
I Che Eleectrochemist Adopts Auto- 
ording Devices Used in Medical 
4 presented at the 83 General 

Speeds, speed ranges, and appli- 
c of two types of recorders com- 
; ised in Medical Research are 
I ted. Text also includes data on 
f chart paper used, and relative 
4 each. Gorrell ind = Gorrell 


Heights, I}. 


Behind the Scene of Action 














The PALMER Thermometer 
works silently, without glamour, 
because it was built for long 
service, guaranteed accuracy and 
to be easy to read. 


When battles are fought above 
deck, the engineers continue their 
scheduled tasks, obeying orders side by side with high powered 
Diesel Engines and the Thermometers and instruments upon which 


they rely. 













When Victory comes again, give the Instruments and the Men equal 
credit for a job well done. In Peace Time, these same Thermometers 
will give you . 
LONG LASTING SERVICE 
GUARANTEED ACCURACY 


RED - READING - MERCURY 
(So Easy to Read) 


THE PALMER COMPANY, Mfrs. 


INDUSTRIAL, LABORATORY, DIAL & RECORDING THERMOMETERS 
2511 Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto 





THE 


you In 


WAR EFFORT 
your war work. 


TO PREVENT WASTE AND AID 
(1) Request ONLY the literature that will aid 
(2) Paste the coupon on a government postal card addressed to Instruments, 


taking care to make all four edges stick. 


2 Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. "(MARCH 1944) 
Please have the following catalogs, etc., reviewed in this issue sent to me 


Numbers........ sO I gl SA Se te ee ei ad 


I also desire further information concerning the following new products described in 
this month’s “New Instruments” Department. . 


I also desise further information concerning the following products advertised in 
this issue (Write page number and name of company). 


PNM at re2d fe om athe rare inte tah a ed STM etn a MT ALS Med A 
Company.... Sp 
Co.’s Address 
eT ON 5 555. 5 Sse ics WOE ee hese hae aoc 
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WANTED 


» 
New Ideas * New Produc 


Relating to. 
Chemical, Physical, and 


WAMEPLATES, DIALS, 
GAUGES, MARKINGS, 
LETTERING, TRADE- 
MARKS, ETC., ON 
ANY SURFACE 


Engineering Labotatory 
Instruments, and 
Materials Testing Equipme: 


* 


RING or send us your idea or ne 

product, even though partially 
completely developed, indicating 
scope of use, design features 
vantages, and potential market. \\ 








































Facilities for complete mark- will promptly and confidentially consid 
ing production—any quan- the possibilities of its developmer 
tity, on any surface. manufacture and marketing. 


MULTI-MARK Screens made up Since we are on the approved | 
for any design; reproductions for internal security, we are qualiti 
2 may be made directly on your to handle secret, confidential, or ; 
ie products without special ma- stricted work 
chinery; complete directions 25 years of successful experience 
furnished. the design and manufacture of scientit 


instruments; modern production faci 
Write to us for information on ties; experienced engineering and dc 
marking problems ... we've bad sign staff; skilled craftsmen. 
experience with scores of them oe 


and may be able to help you. 


ia. 
a) MULTI-MARK DIVISION | MMLWEQHOMONGTL 1a 


Colonial Process Supply Company 8030 waorgia Avenue 
136 West 23rd St, NEW YORK Silver Spring, Maryland 














t Photovolt Corporation 
A D V a R TI S fe R S | N D F X Pioneer Instrument Division 
Powers Regulator Company 
Precision Thermometer & 


Instrument Co. 








Aerovox Corporation A32 Eppley Laboratory, Inc., The 161 ' 
Air Express Div., Railway Express Fast & Company, John E. 152 ce nie Racy oon — 
Agency 175 Fenwal Incorporated A32 pyrometer Instrument Co., The] 
American Coils Company 172 Foxboro Company, The Al3 Railway Express Agency, Air 
American Cystoscope Makers, Fulton Sylphon Company, The .Al5 Express Div. 1 
Inc. 160 Gaertner Scientific Corp., The.187 pawson Electrical Instr. Co....] | 
American Gas Accumulator Co..158 Gallien, R. P. 153 Refinery Supply Company, The i 
American Instrument Company..190 General Electric Company 185 Revere Company, The 
American Machine & Metals, General Radio Company A21_ Riehle Testing Machines Div 
Inc. ._ 179 Great American Industries, Inc..Al0 Rubicon Company rT 
Ames Company, B. C. 154 Hathaway Instrument Company..178 chajicross Manufacturing Co... 
Amthor Testing Instrument Co..166 Hays Corporation, The 163 Shore Instrument & Mfg. Co., 
Arnold Engineering Company 181 H-B Instrument Company 163 Inc. 1 
Automatic Electric Mfg. Co....188 Heise Bourdon Tube Labs. 151 Simpson Optical Mfy. Company. 
Bailey Meter Company 170 Hewlett-Packa.d Company Al4 Sola Electric Company A 
Baldwin Locomotive Works, Holtzer-Cabot Electric Co., The A29 SpeedWay Manufacturing Co......1 
Baldwin Southwark Division A6 Hopp Press, Inc., The 184 Square D Company 1 
Barber-Colman Company 182 Illinois Testing Laboratories 155 Standard Electric Time Co., Inc. im 
Bausch & Lomb Optical Co.....167 Ind ana Steel Products Co., The A26 ticht Co., Inc., Herman HJ) \ 
Bendix Aviation Corp., Jackson Electrical Instr. Co....174 Sun Radio & Electronics Co. 
‘ Eclipse-Pioneer D.vision A7 J-B-T Instruments, The A22 Superior Electric Company 
When you want Biddle Company, James G. 171 Kester Solder Company 157 Surprenant. Electrical insulation 
accurate and depend Bodine Electric Company 181 Kollmorgen Optical Corporation 185 Co : l 
— Boes Company, The W. W. A33 Kollsman Instrument Division 144 Teheran © Corporation 
able automatic temperature Bowser, Inc. as — oe - Taallabue Mfg. Co a 
© Je ae, . Bradley Laboratories, Inc... 16 aboratory Specialties, inc. 59 , ee 
or humidity control forIndustri- Bristol Company, The ASS feeds & Merthrap Company A36 Inside front ¢ 


° ar : aed 2. 
al Processes, Heating or Air Cond- Brush Development Co., The Al6 Lewis Engineering Company, The AS Taylor Instrument Companies 7 
























set : ‘ . i ium ranium Liquidometer Corporation A30_ Televiso Products, In 
itioning Systems, call in a Powers a an asses 155 Littelfuse imate’ 181 Terminal Radio Corporation 
engineer. With over 50 years of ex- Cannon Electric Development Co..147  L & J Manufacturing Company ™ —— —— Mfg. Co 
: , . . Chace Company, W. M. 150 Marshall Company, C. & E. rerice Company, . 
perience anda very complete line of Chelsea Clock ‘nomen 184 Maymer Corporation 167 Trimount Instrument Company. 
self-operating and air operated Cinaudagraph Corporation 168 Massmtments Corporation 161 Trinity Equipment & Suoply Ct 
. , . Clare and Company, C. P. 169 erlam Company, e 48 Triplett Electrical Instr. Co... 
controls we are well equipped to Clarostat Manufacturing Co. 163 Merit Coil & Transformer Corp...160 alted Transformer Company 
fill your requirements. Cochrane Corporation Al7 Micro Switch Corporation 151 Ynivis Lens Company, The 
> ‘ Colonial Process Supply Co. 190 Mid-States Equipment Company.180 yarg Inc. 
Write for Circular 2520 Connecticut Telephone & Electric Mobile Refrigeration Divis‘on _Al18 Veeder-Root Incorporated ry 
2734 Greenview Ave., Chicago Div. AlO Moeller Instrument Company A4 Wallace & Tiernan Pro ts, Int 
Offices in 47 Cities—See Continental Electric Company...177 Naxon Utilities Corporation A34 Ward Leonard Electric pss 
our phone direct Cook Electric Company 159 New York Transformer Company..169 “a es a 
“Calas —- Daven Company.Inside back cover North American Philips Co., Warren Telechron 
DeJur-Amsco Corporation A24 Inc. A27 Waugh Labora’ories sot Ch 
Dillon & Co., Inc., W. C......162 Norton Elec‘r'cal In trumen‘ Co 183 Westinghouse Electric & “ty 
Drake Manufacturing C-mpany.369 Ohmite Manufacturing Company..156 a 
THE DuMont Laboratories, Allen B...A31 Oster Mfg. Co. of I'l'n-is, John 153 Weston Electrical Instrome 
Dunn, Inc., Struthers.........A25 Palmer Company, The 189 Corp. 
P 0 W E R S R E G U LA T 1] R C 0 Durant Manufacturing Company.A32 Paragon Electric Company 153 Winslow Company, The 
Eclipse-Pioneer Div'sion A7 Permo, Incorporated 176 Wirshing Manufacturing Co 
Engelhard, Inc., Charles 185 Philadelphia Thermometer Co...182 Wrigiey Jr. Company m. 
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